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Spar and semi-submersible platforms are the common types of large floating 
offshore platforms operating in deepwater regions.  Due to lack of sufficient 
analytical, experimental and statistical data regarding the performances of such 
platforms subjected to the real sea condition based on short-crested waves.  These 
types of platforms are normally designed for long-crested waves.  In the real sea 
condition, generally short-crested waves exist.  The short-crested waves are defined as 
linear summation of long-crested waves propagated in different directions.  The wave 
forces generated would be randomly varying in the magnitude and direction.  In the 
literature, very few numerical and experimental studies, reported about the dynamic 
responses of spar and semi-submersible platforms subjected to short-crested waves.  
This study dealt with the effects of wave force calculation methods and wave 
directionalities on the floating platforms.  Three numerical MATLAB codes in time 
domain were developed to study the dynamic responses of classic spar, truss spar and 
semi-submersible platforms subjected to short-crested waves.  The platforms were 
modeled as rigid bodies and wave hydrodynamics and the structural properties were 
included.  The dynamic equations of motions for the three degree of freedom (DOF) 
were solved by the Newmark Beta Method.  Uni-directional waves were taken as 
long-crested, while multi-directional waves were taken as short-crested waves.  It was 
observed that the short-crested waves gave about 25% smaller responses in all DOF 
compared to the long-crested waves.  Model tests on all these three platforms were 
conducted to validate the numerical results.  The experimental data were measured 
from a series of tests performed in the wave tank in the Offshore Laboratory of UTP.  
The classic spar, truss spar and semi-submersible models were fabricated using steel 
plates with a scale of 1:100.  For this test series, the models were subjected to both 
long-crested waves and short-crested waves in order to validate the numerical 
simulations respectively.  All three types of platforms were analyzed by 
viii 
HYDROSTAR, an efficient commercial software.  The results obtained are agreed 
fairly well with the numerical and experimental values.  The validated responses for 
short-crested waves in the three DOF were found to be about 20% less than the 
responses for long-crested waves.  Thus, it can be concluded that optimized and 
economical designs can be arrived at by considering the short-crestedness of waves.  
Also, the effects of parameters like column diameter, draft and water depth on these 






Spar dan semi-submersible adalah platform terapung besar yang biasa digunakan 
untuk beroperasi di laut dalam.  Disebabkan oleh kekurangan informasi daripada 
analisis, eksperimen dan statistik atas tindak balas platform-platform ini disebabkan 
oleh gelombang lautan yang berbentangan puncak pendek, platform ini biasanya 
direka dengan gelombang bentangan puncak panjang.  Di dalam situasi lautan yang 
sebenar, hanya gelombang bentangan puncak pendek dijumpai.  Gelombang 
bentangan pendek puncak ditakrifkan sebagai aksi sekumpulan linear gelombang 
bentangan puncak panjang disebarkan ke arah yang berbeza.  Kuasa gelombang yang 
dijanakan didapati rawak dan berbeza dalam magnitud dan arah.  Dalam penyelidikan 
sastera yang dijalankan, didapati tidak banyak kajian berangka dan eksperimen yang 
melaporkan mengenai tindak balas dinamik spar dan semi-submersible tertakluk 
kepada gelombang bentangan pendek puncak.  Kajian ini menyelidikkan kesan-kesan 
gelombang bentangan pendek puncak pada tindak balas platform-platform terapung 
ini.  Tiga kod MATLAB dengan analysis domain masa telah dibangunkan untuk 
mengkaji tindak balas classic spar, truss spar dan semi-submersible platform tertakluk 
kepada gelombang bentangan pendek puncak.  Kod-kod MATLAB mengambilkira 
kesan kaedah pengiraan kuasa gelombang dan arah gelombang.  Platform yang telah 
dimodelkan sebagai jasad yang tegar.  Hidrodinamik gelombang dan sifat-sifat 
struktur contohnya keberatan dan kekukuhan sistem telah diambilkira.  Persamaan 
dinamik gerakan untuk tiga darjah kebebasan telah dianalysis dengan kaedah 
Newmark Beta.  Gelombang satu arah ditafsirkan sebagai gelombang bentangan 
panjang puncak, manakala gelombang berhala ke pelbagai arah dianggap sebagai 
gelombang bentangan pendek puncak.  Ianya telah diperhatikan bahawa gelombang 
bentangan pendek puncak menyebabkan tindakbalas yang lebih kecil dalam semua 
gerakan berbanding dengan gelombang bentangan panjang puncak.  Experimental ke 
atas ketiga-tiga model platform telah dijalankan untuk mengesahkan keputusan 
x 
berangka.  Data eksperimen diukur dari sesiri ujian yang telah dijalankan dalam 
tangki gelombang dalam makmal offshore di Universiti Teknologi PETRONAS 
(UTP).  Classic spar, truss spar dan semi-submersible model telah direka dan dibina 
dengan kepingan keluli dengan skala 1:100.  Tangki gelombang berdimensi 22m x 
10m x 1.5m dengan kedalaman air 1m.  Taking gelombang dipasang dengan penjana 
gelombang yang terdiri daripada 16 pengayuh gelombang individu yang mampu 
menjana pelbagai gelombang termasuk gelombang bentangan panjang puncak dan 
gelombang bentangan pendek puncak.  Dalam siri ujian ini, model-model tertakluk 
kepada kedua-dua gelombang bentangan panjang puncak dan gelombang bentangan 
pendek puncak untuk mengesahkan simulasi MATLAB.  Ketiga-tiga platform juga 
dianalisis dengan perisian komersial yang cekap.  Keputusan didapati bersetuju 
dengan nilai-nilai berangka dan eksperimen.  Keputusan gelombang bentangan 
pendek puncak yang telah disahkan untuk ketiga-tiga arah gerakan didapati 20% 
kurang daripada keputusan daripada gelombang bentangan jangka puncak.  
Kesimpulannya, reka bentuk platform boleh dioptimumkan dan lebih ekonomi dengan 
mengambilkira gelombang bentangan pendek puncak.  Selain itu, kesan parameter 
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1.1 Chapter overview 
The worldwide oil and gas industry activities are on a rapid increase due to high 
demand for hydrocarbons.  In the early stages, exploration activities were limited to 
only onshore region.  As the reserves available in the onshore region are limited, the 
exploration activities have developed towards offshore region.  The development of 
the activity has now expanded from shallow water to deep and to ultra-deep offshore 
regions.  In this chapter, the development of the oil and gas industry in Malaysia, the 
development of offshore platforms and the environmental conditions are illustrated.  
Then, problem statement of this study is elaborated along with the objectives and 
scopes of this study.    
1.2 Background of oil and gas industry in Malaysia 
Malaysia’s first oil field was discovered and production started in 1910 at Miri, 
Sarawak.  Before 1974, oil companies were given the exclusive rights to explore and 
produce the hydrocarbons.  Petroleum concessions were contracted and awarded to 
state governments from 1974, whereby Production Sharing Contract (PSC) was 
implemented to manage the expenditure and profit.  Within the PSC time frame, Oil 
Company who has been awarded the contract owns the full authority to control the 
exploration, development and production.  In 1975, the Petroleum Development Act 
was introduced and the Malaysia oil company, Petroleum Nasional Berhad, 
PETRONAS was granted the authority to control the hydrocarbon resources in 
Malaysia with the given rights to explore and produce the product.  The facilities of 
the field granted with PSC, shall always be authorized by PETRONAS.  Also, 
PETRONAS retains the ownership and management control in exploration, 
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development and production of oil and gas resources as the PSC time frame ended.  
PETRONAS is operating about 175 fixed jacket platforms in South China Sea now, 
which are located in the Peninsular Malaysia Operations (PMO) at Terengganu, 
Sarawak Operation (SKO) and Sabah Operation (SBO).  Also, PETRONAS has been 
operating in 34 countries around the world in both upstream and downstream of the 
industry.   
PETRONAS took a big step forward in year 2007, where the Malaysia’s first 
deepwater field, Kikeh was commissioned.  On behalf of PETRONAS Carigali, 
Murphy Sabah Oil Company is now operating the field.  Kikeh field is located at 120 
km northwest of the island of Labuan, within the SBO block in water depths of 1300 
m.  This project consists of a truss spar or Dry Tree Unit (DTU), which is 142 m long, 
and 32 m diameter and tied back with a Floating Production Storage and Offloading 
(FPSO) vessel. The field was predicted to have recoverable reserves of 400 to 700 
million barrels of oil, and planned to produce 120000 barrel per day for the first two 
years [1].  Figure 1.1 illustrated the development of the Kikeh field.  
Another deepwater project, the Gumusut-Kakap was installed in year 2012 after 
the commission of Kikeh field.  The project field was located at 120 km offshore from 
SBO in water depth of 1200 m.  Gumusut field that opted semi-submersible drilling 
rig for production is operated by Sabah Shell and Kakap field is operating by Murphy 
Oil.  In total, 19 subsea wells were connected for the production of Gumusut-Kakap 
project, which are tied back to the Floating Production Storage barge (FPS) for 
production and storage.  The recoverable reserves at Gumusut-Kakap project is lesser 
compared to Kikeh field, with about 300 to 500 million barrels of oil reserves found.  
However, the field is estimated to have a higher processing capacity of 150,000 
barrels per day compared to Kikeh field [2].  Figure 1.2 shows the conceptual figure 




Figure 1.1: Development of Kikeh Field 
(Source:http://duniandt.blogspot.com/2011/06/malaysias-1st-deepwater-oilfield.html) 
 




1.3 Development of offshore platforms 
First oil wells were drilled from extended piers into water of Pacific Ocean, at 
Summerland, California in 1890.  However, the birth of offshore industry was 
considered to have taken place in 1947.  The first offshore platform was built in water 
depth of 6 m in Louisiana, Gulf of Mexico.  Over 10,000 different types of offshore 
platforms were constructed and installed worldwide.  As of July 2013, about 30% of 
the world hydrocarbon production came from offshore [3].  Table 1.1 shows the 
worldwide rig count for July 2013.   
 
Table 1.1  Worldwide rig count for July 2013 
(Source http://www.pennenergy.com/articles/pennenergy/2013/08/oil-and-gas-baker-
hughes-announces-july-2013-rig-counts.html) 
 Land Offshore Total 
Latin America 331 87 418 
Europe 90 49 139 
Africa 90 38 138 
Middle East 332 47 379 
Asia Pacific 142 99 241 
United States 1708 58 1766 
Canada 288 3 291 
Worldwide 2981 381 3362 
 
Offshore platform is defined as a platform located away from the onshore or dry 
land and to support the exploration and production activities of oil and gas in all 
weather conditions.  It is important to provide a stable work station by minimizing the 
movement of the supporting platform.  Although most of the platforms were made of 
steel, there are also concrete construction and hybrid construction that used both steel 
and concrete available.  
Offshore platforms may be fixed on seabed or may be floating.  In shallow water 
region, where water depth less than 300 m, fixed platform gives the best solution, 
where the deformation due to wave loading is preferably small and may be 
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economically viable.  Jacket platform is the most common fixed type of platform 
installed that support the piles foundation, conductors, risers and other appurtenances 
[4].  Jack-up, compliant tower and gravity based platform (GBS) as well are normally 
installed in the shallow water for exploration and productions.  As a result of onshore 
and shallow water reserves depletion, the exploration is developing to deeper water 
depth.  For instance, Bullwinkle the world’s tallest pile-support fixed offshore 
platform that was installed in the Gulf of Mexico at water depth of 412 m.  Fixed 
platforms are uneconomical for the exploration activities in deeper water.  Floating 
platforms may be held in place by moored to seabed, dynamically positioned by 
thrusters or may be drifting freely.  Floating platforms have different degree of 
compliancy.  For instance, dynamically unrestrained and allowed to move in six 
degrees of motion such as spar and drill ships, and neutrally buoyant such as semi-
submersible platforms.  Tension leg platform (TLP), tethered buoyant tower or 
buoyant leg platforms are positively buoyant that are tethered to the seabed and 
restrained vertically.  In order to decide the sizing of the floating platforms, 
consideration of buoyancy and stability is dominating.  Thus, topside weight of 
floating platform is more critical than for a fixed platform. 
In 1975, the first floating platform, a semi-submersible platform was installed in 
Argyle field in United Kingdom, North Sea by Hamilton.  Statistics showed that by 
2003, 3% of the world supplies are produced from the deepwater production and 
projected to grow about 10% in the next 10 years.  The facts that contributed to the 
increment of global deepwater activities are [5]:  
• Depletion in shallow reserves 
• Greater potential for large finds in deepwater 
• Future growth in hydrocarbon demand  
• Favorable fiscal policies of host government towards deepwater development.  
Thus, deepwater exploration is getting important for the oil and gas productions.  
Deepwater platforms that commonly installed for exploration include TLP, spar, 
semi-submersible, FPSO and FPS as shown in Figure 1.3.   
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Figure 1.3 Types of offshore platforms 
(Source: http://www.worldenergysource.com/articles/pdf/eggen_WE_v1n2.pdf) 
 
Table 1.2  Worldwide deepwater operating vessels for 2013 
 FPSO Semis FPS/FPU TLP Spar Compliant Tower 
Canada 2 - - - - 
Gulf of Mexico 4 9 15 17 3 
Brazil 31 20 - - - 
North Sea 21 14 2 - - 
North Africa 4 - - - - 
West Africa 39 1 4 - 2 
India 1 1 - - - 
China 17 1 - - - 
Southeast Asia 22 1 1 1 - 
Australia 15 - - - - 
Worldwide 156 47 22 18 5 
1.3.1 Semi-submersible platform 
Table 1.2 shows the worldwide deepwater operating vessels.  As of 2013, about 
20% of the floating platforms are semi-submersible platform that serves as drilling 
 7 
and production systems [6]. Semi-submersible platform is a very common platforms 
used in deepwater exploration.  Semi-submersible platform is a multi-legged floater, 
which kept in place by combination of mooring line system with or without dynamic 
positioning system.  These legs, vertical cylindrical columns were interconnected at 
the bottom by pontoons to support the upper deck at top.  Pontoons are horizontal 
buoyant members that fully submerged and water tights.  Even though the platform is 
very good in mobility, but it is very sensitive to loading.  Due to the limitation on 
sustaining high loading, the weight of the mooring line as well limited.  Hence 
conventional semi-submersible platform is not suitable for ultra-deepwater region.  
Configuration of the semi-submersible platform is shown in Figure 1.4. 
 












The technology for deepwater spar drilling and production platform was patented 
by Edward E. Horton (1987).  The patent described spar as a vessel with circular 
cross-section that vertically held in place in the water and supported by the buoyancy 
chambers (hard tanks) at the top and stabilized by a platform (truss section) hanging 
from the hard tanks [5].  The stability of the platform is retained by ensuring the 
center of gravity always stays below the center of buoyancy and attached to the 
seabed by mooring line.  Classic spar is a deep draft vertical circular cylinder that 
allowed installation of rigid risers with dry trees as the heave and pitch motions are 
relatively small.  Truss spar modified the bottom part of classic spar to incorporate the 
truss section between the deep draft hull and lower soft tank.  The hull construction 
cost could reduce by 20% to 40%.  The hard tank provides buoyancy and soft tank 
provides stability.  Heave plates increase heave added mass and viscous damping that 
reducing the heave motion regardless of increase of vertical exciting wave force due 
to shallower hard tank.  Shorter construction period was achieved by cell spar by 
parallel fabrication of the cylinder shell components.  Also, multiple cells forming of 
the column would reduce the vortices thru the spacing between them that allows 





Figure 1.5 Spar platform generations 
(Source: http://www.globalsecurity.org/military/systems/ship/platform-spar-
comp.htm) 
1.4 Environmental conditions 
The offshore platforms are installed in the middle of the sea and subjected to 
various environmental forces such as wind, wave, current, iceberg and so on.  Among 
these forces, major force of the total environmental force was contributed by wave 
force.   
Waves can be defined based on the propagating direction, i.e. the long-crested 
waves and short-crested waves.  In the practical offshore design work, uni-directional 
or long-crested waves are widely used.  Long-crested waves are assumed to have 
similar properties throughout the cross-section considered.  As shown in Figure 1.6, 
same properties could be observed along y-axis when cross section of X-Z plane is 
considered.  Also, it is assumed to be infinitely extended in lateral direction [7].  
Therefore, long-crested waves are defined as 2D waves or plane waves.  The 
simplicity of the long-crested waves encouraged the usage in the design of offshore 
platforms, either directly or indirectly via the verification and calibration of the 
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theoretical methods and offshore design codes [8].  However, in real state, wind-
generated waves propagating in multi-directions.  
 
Figure 1.6 Cross section of long-crested waves and short-crested waves 
1.4.1 Significance of short-crested waves 
The wind-generated waves in real sea conditions are more appropriate to be 
defined as short-crested waves [9], which are periodic in the direction of propagating 
and in transverse direction [10].  Short-crested waves are also defined as a product of 
linear superposition for harmonic waves progressing in different directions [11].   
The occurrences of the waves are mainly due to reflection of incoming waves of a 
platform or depth discontinuity, diffraction behind an object and arrival of swell from 
two different storm centers [12].  In reality, waves would not be propagating to only 
in one direction, as assumed by long-crested waves.  Instead, the real sea wave energy 
components are fluctuating in all the three directions (x, y and z axis) [13].  The one 
point spectrum taken in the simulation of long-crested waves generally could not 
encounter the short-crested wave conditions, whereby the wave energy of short-
crested waves is spreading over various directions, although the major energy 
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remained in the prominent wind direction [10].  Short-crested waves have different 
aspects: the presence of lateral wave forces component and reduction of along wave 
forces that shall not be ignored, as compared to long-crested waves [14].   
Researchers recommended that the real sea condition is better modeled by short-
crested waves than by long-crested waves [9] [10] [15].  Hence, the subject of this 
study is focusing on the dynamic responses of the offshore platforms due to the short-
crested waves, as in real sea conditions.   
1.5 Problem statement 
In the design of offshore platforms, wave force is the most significant force that 
would affect the motions of the platforms.  Wave forces can be calculated by three 
different methods, i.e. Morison Equation, Froude-Krylov theory and diffraction 
theory.  Morison equation is suitable for a platform, where the member is small 
compared to the wave length.  For the case, where drag force is insignificant and 
inertia force is dominant, Froude-Krylov theory is applicable.  Diffraction theory is 
appropriate for the conditions where the platform is large enough compared to wave 
length [16].  In the research papers referred, majority of the papers used Morison 
equation to obtain the wave force for large offshore platforms such as spar and semi-
submersible platforms.  As the ratio of the diameter of these platforms to the wave 
length is above 0.2, the diffraction theory is the correct method to be applied for the 
calculation of wave forces.  But, the application of diffraction theory even the linear 
theory involves cumbersome solution as compared to Morison equation which is 
simple and easy to incorporate with nonlinearities.  Furthermore, at a considerable 
part of the frequency range, the ratio of diameter to the wave length is still below 0.2, 
this encouraged the implementation of Morison equation to obtain the wave force for 
large offshore platforms.  Hence, a comprehensive study to prove the applicability of 
the wave force calculation methods is necessary.   
The direction of the propagating wave is another engineering challenge in the 
research and development of offshore platforms.  Practically, long-crested waves have 
been used in the design of offshore platforms.  However, the wind generated sea-state 
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in the real sea conditions is well represented by the short-crested waves and would 
provide the realistic data necessary for an optimum design of offshore platforms.  
Also, the short-crested wave properties and aspect are almost impossible to be 
simulated by long-crested waves.  This consideration is significant especially for large 
floating platforms, whereby the design considering two-dimensional plane wave 
would be overestimated for three-dimensional short-crested waves in real sea 
conditions.  Furthermore, when the assumption of a large offshore platform stretch is 
subjected to long-crested waves, the effects will be on all the stretch of the platform.  
In real sea-state, various short-crested waves will be hitting the stretch length in 
different angle and the net effect will be quite likely to be less.  Hence, it is necessary 
to quantify the variation of the responses for the offshore platforms by long-crested 
and short-crested waves, in order to prove that short-crested waves could provide a 
cost effective design.   
In the research papers referred also, it was found only numerous studies reported 
focused on the dynamic responses of spar and semi-submersible platforms subjected 
to short-crested waves especially experimentally.  The main reason being is that not 
all the existing wave basins were equipped with wave generator that could generate 
multi-directional waves has restricted the development focus on this area.  Hence, it is 
necessary to conduct a series of long-crested waves and short-crested waves in order 
to determine the qualitative and quantitative effects considering the short-crestedness 
of the waves, on the dynamic responses of the spars and semi-submersible platforms 
experimentally to validate the numerical results estimated.  This study would serve as 
an important reference, where the wave directionality could optimize the design of 
offshore platform, in order to provide cost effective solutions.  
1.6 Objectives 
The aim of this research is to determine the qualitative and quantitative effects of 
considering the short-crestedness of waves, on the dynamic responses of large floating 
offshore platforms.  To achieve this, the study has been directed towards four 
objectives as given below:  
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1. To investigate the dynamic responses of three types of common floating 
offshore platforms, considering the short-crestedness of waves in time 
domain analysis by developing the numerical MATLAB codes.  
2. To investigate the effectiveness, accuracy and suitability of the above 
codes by comparing and validating with experimental model results and 
commercial software results.  
3. To quantify the variation in dynamic responses of the above three types of 
floating platform when acted on by real short-crested waves compared to 
the concept of long-crested waves followed for designs.   
4. To determine the influence of various design parameters like column 
diameter, draft and water depth on the dynamic responses of these floaters 
by conducting parametric study.  
1.7 Scope of study 
The scope of the research is limited within the following constraints:  
1. Stationary classic spar, truss spar and semi-submersible platforms are 
considered.  
2. Environmental conditions are limited only to long-crested and short-
crested waves.  Wind and current conditions are not considered. 
3. Dynamic responses are limited to surge, heave and pitch.  
4. Only taut mooring lines are considered as the station keeping system.  
5. Contributions of riser and spar strakes are not taken into account for both 
numerical and experimental study.  
6. Linear springs are used in the experimental study to represent the restoring 
force for mooring lines.  
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7. Nonlinear wave-wave interaction and mooring line dynamics are not 
considered in both numerical and experimental study.  
1.8 Overview of the thesis 
Chapter 1 is an introductory chapter.  Chapter 2 illustrated the overall summary of 
the literature with relevance to the subject of this report.  From the literature reported, 
critical discussions are presented, as of the research objectives.   
Chapter 3 presents the wave-platform interactions, where the methodology for 
assessing the wave hydrostatics, hydrodynamic, designs wave conditions and forces 
acting on classic spar, truss spars and semi-submersible platform are presented.   
Chapter 4 explains the solution of the equation of motions the floaters in time 
domain analysis that include of the governing equation of motion and the numerical 
formulations e.g. the stiffness, mass and damping matrices.  Algorithm of the 
numerical codes developed is discussed.   
In chapter 5, wave tank model tests for the spars and semi-submersible platforms 
are described.  The model description, scaling law, test setup and facilities are 
illustrated.  The tests focused on station keeping by long-crested and short-crested 
waves are described.   
Chapter 6 discusses the analysis of the computer program, which has been 
accepted in the industry to obtain the responses of floaters to validate the numerical 
codes developed.   
Chapter 7 presents the comprehensive numerical and experimental results are 
presented for spar and semi-submersible platforms.  The experimental measured 
responses of the platforms are compared with the numerical and commercial software 
results, followed by descriptive and discussions.   
Chapter 8 elaborates the study by presenting the overall view of the problem 




2.1 Chapter overview 
In this chapter, literature survey focusing on the development and analysis of spar 
and semi-submersible platforms, wave force calculation methods, and effects of wave 
directionality are elaborated.  Critical review focused on the effects and suitability of 
the each category as aforementioned is presented.  
 
2.2 Development of spar platform 
Spar is one of the compliant offshore platforms that have been used for oil 
storage, drilling and production in deepwater region.  Initially, it was used as marker 
buoys for data collection.  In 1971, first spar for oil and gas industry, Shell’s Brent 
Spar was installed in North Sea mainly for oil storage and offloading [17].  Also, it 
has been used as remote gas flares [18] and for numerous environmental 
instrumentation platforms [19].   
Spar platform was designed with low motion and providing stability by ensuring 
center of gravity far below the center of buoyancy.  In order to ensure the operational 
stability, natural period for the platform is designed away from the operating and 
extreme wave peak period.  Until now, there are 17 spars in operation.  All of the 
platforms are found operating in Gulf of Mexico (GOM), except one, the Kikeh truss 
spar that is operating off the Malaysia coast [1].  New designs have been introduced to 
further extend the usage by its function and geographical location, to meet the needs 
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for other oil and gas production to expand the exploration and production activities to 
deeper water and more harsh environmental.   
The details of the spar design were reported long time ago.  The concept of the 
spar was patented in United States Patent by Balint et al [8].  The paper expressed 
spar as a disclosed platform that consists of superstructure, buoyancy tank and counter 
weight attached to provide spacing between superstructure and buoyancy tank 
assembly.  The buoyancy tank was divided in to upper and bottom parts.  The upper 
part connected to the tank and the bottom part that has substantially larger diameter 
placed underneath the upper part with spacing in between to provide horizontal 
extension for vertical gap.  The description of the production spar platform, the major 
system involved, performance and design aspect of it were also emphasized in the 
paper reported by Halkyard et al. [20].  Van Santen and de Werk [21] described the 
design of a spar as a slender vertical floater and the behavior of the spar platforms 
have been presented.  In their report, the influence of parameters such as draught, 
diameter, superstructure, tanker mooring and stability were descripted.  Glanville et al 
[18] investigated a full drilling and production spar for water depth of 820 m in Gulf 
of Mexico.  In this paper, the details of the concept, construction and installation of 
the spar platform were illustrated.  Furthermore, the sensitivity of the design to 
mooring parameters, draft, diameter and structural mass properties was elaborated.  
Glanville et al also [22] reported the details of Neptune spar platform with the design 
consideration for hull sizing and mooring systems.   
Since the introduction of the first spar in 1996, the spar concept has undergone 
evolution from classic spar to truss spar, cell spar and even some newly introduced 
spar concepts such as the geometric spar [23], cell-truss spar [24,25], belly spar [26] 
and s-spar [27].  Classic spar was designed as a deep-draft cylindrical floating vessel 
that remains in position by its own buoyancy.  Compared with classic spar, truss spar 
was designed with a shorter hard tank.  Truss section was designed to connect the 
hard tank and soft tank that was placed at the bottom most of the platform to provide 
ballasting [28].  Kikeh truss spar is the first deepwater exploration platform in 
Malaysia and it is also the only truss spar that is operating outside the Gulf of Mexico.   
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To improve the difficulties in fabrication of classic and truss spar, cell spar was 
introduced.  Cell spar consists of a large center hull with smaller hull surrounded; 
bottom of the hull was designed with heavy material to provide ballasting.  Practically 
it was found that the performance of fabrication and motion was improved about 20%.  









Figure 2.1 Spar platforms 
 
New concepts for spar platforms were introduced recently.  Geometric spar is one 
of the examples that the hull geometry and Integrated Buoyancy Can (IBC) were 
modified [23].  In the design, caisson hull is modified in octagonal shaped cross 














Figure 2.2 Geometric spar 
Cell-truss spar is new innovation that combined the features of cell spar and truss 
spar by incorporating the advantage of the truss spar heave plate damping feature and 
the ease of fabrication for cell spar.  In the configuration, hard tank was designed by 
combining numbers of cylinders with same size and length and bottom part was fitted 
with truss section and soft tank to adjust the position of the center of gravity [24] [25].  
Figure 2.3 illustrates the cell truss spar.  
Belly spar concept was developed for the production in Norwegian Sea for water 
depth around 1200 m.  Belly spar concept consists of common spar features such as 
hard tank, mid-section and soft tank.  Modifications are focused on the hard tank 
configuration in order to suit the conditions of the Norwegian Sea.  It was designed to 
be wider in lower section (belly) and narrower in upper section (neck).  The 
neck/belly combination was found able to reduce the heave excitation force and 
increase the natural heave period of the platform.  Furthermore, by reducing the size 
of diameter for the mid-section and soft tank, structural mass proportionally reduced 





Figure 2.3 Cell-truss spar 
 
Figure 2.4 New design concept - Belly spar 
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S-spar is another new innovation that improved the motion behaviors and it is 
suitable for ultra-deep water and special environment such as in South East Asia 
water region.  S-spar design concept incorporated special features of classic spar and 
truss spar, i.e. 1) the effectiveness of classic spar in riser protection, and 2) heave 
plate damping features of truss spar that were built-in the hull for this design.  The 
mid-section was extended from hard tank to soft tank with similar diameter 
throughout, and was integrated with the center-well circular cross section that reduced 
the weight and increased the stiffness.  Also, slim mid-section allowed the design to 
reduce internal wave load especially for South East Asia water condition.  Figure 2.5 
illustrates the s-spar [27].   
 
Figure 2.5 New design concept - S-spar 
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2.3 Development of semi-submersible platforms 
Semi-submersible platform is another mobile type of floating compliant platform 
for drilling operation.  Semi-submersible platform has reached the sixth generation 
now.  The classification of the generation was distinguished by age, environmental 
rating, deck-load and water depth capacity [29].  Instead of the conventional semi-
submersible platform, there are some new innovations and inventions reported.  They 
are column stabilized semi-submersible with a jacking mechanism [30], dry tree semi-
submersible (DTS) platform with buoyancy-tensioned tie-back risers attached to the 
risers below the upper wave and current zone [31], truss pontoon semi-submersible 
[32] and adjustable base semi-submersible.  Also, a new concept of deep draft, small 
water plane, low CG and large radius of gyration semi-submersible [33] was 
introduced to suit the usage in ultra-deepwater region.   
Semi-submersible is the most preferable platform for the wet tree floaters due to 
its capability to support steel catenary riser and topside is easily incorporated at the 
quayside.  About 40% of the total numbers of operating semi-submersible platforms 
are used as wet tree platforms [6].  Also, because of this platform has large deck area, 
capable to support large number of risers and hence it is cost effective.  However, 
high heave motion is the main challenge for this platform.  A deeper draft semi-
submersible platform was introduced to overcome this constraint.  However, it 
induced high vortex induced motion.  Xu and Ermon [34] presented a new innovation 
to improve the heave motion and vortex induced motion by Heave and VIM 
suppressed semi-submersible (HVS).  In the design, higher pontoon blisters are 
attached at the column base to provide stability and break the vortex shedding 
coherence along column length.  Narrower pontoons are designed to reduce the heave 
load.  The design was found able to reduce about 30% of the heave motions as 
compared to the conventional semi-submersible.  Figure 2.6 shows the Heave and 




Figure 2.6 Heave and VIM suppressed semi-submersible (HVS) 
Dual column semi-submersible floating platform was introduced to improve the 
motion, optimize the system for its application and provide more effective usage of 
deck platforms [35].  Focusing on the column’s configuration, it was designed as 
paired columns consisting of inner and outer columns.  The arrangement of the 
columns is shown in Figure 2.7.  The columns are connected by pontoon extended to 
the lower end by connecting nodes.  The upper ends of the columns were designed to 
provide support for the super platforms.  By increasing the number of columns, the 
space of the super platform and the motion of the platform could be improved.  
Extended semi-submersible (ESEMI) was developed to improve the heave motion 
of semi-submersible platform [36].  The concept of the design was to incorporate a set 
of adjustable second tier pontoon (STP) underneath the conventional pontoon.  By 
incorporating the STP, the added mass of the platform was increased without 
increasing the structural displacement.  Also, the resistance to wave action was 
enhanced and the motion responses due to waves action were reduced.  Figure 2.8 




Figure 2.7 Dual column semi-submersible platform [30] 
 
Figure 2.8 Extended semi-submersible (ESEMI) 
Semi-submersible platform with free hanging solid ballast tank (FHS-semi) was 
introduced by Mansour [37] to simulate the motion responses similar to spar.  The 
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design was fitted with free hanging solid ballast tank to the conventional ballast tank 
at certain distance from the semi-submersible hull keel level.  The design increased 
the heave natural period by controlling the heave response in the wave frequency 
range with the added mass and wet weight.  Figure 2.9 presents the design of FHS-
semi platform.   
 
Figure 2.9 Free hanging solid ballast tank semi-submersible (FHS-semi) 
Damper chamber column semi-submersible platform as shown in Figure 2.10 was 
introduced by modifying the conventional motion damping support columns.  The 
columns are design to be varied in cross section area along their length [38].  The 
exterior configuration of the inner water trapping damper chambers has two parts.  
The upper part of the column surrounded by a group of relatively smaller cross 
section area columns that allowed the inner chamber to be naturally flooded during 
installation at the draft deeper than the wet-tow draft.  The lower part of the column 
was enclosed by the inner water trapping damper chamber.  During the integration 
from quayside to wet-tow of the platform, solid sidewall was used to block the water 
 25 
from flooding the inner chamber to improve the water plane area and platform 
stability.  Furthermore, the heave motion was improved by flooding the inner chamber 
to provide sufficient added mass during in-place condition.   
 
Figure 2.10 Damper chamber columns semi-submersible 
2.4 Wave force formulation – Morison equation 
Morison equation has been used for wave force calculation in many studies, even 
for large platforms.  The equation is applicable when the drag force is significant, 
which usually happens when the platform is small in comparison to the water wave 
length.  From the experimental study carried out by Morison et al [39], it was 
recommended that forces exerted by unbroken surface waves on a vertical pile that 
extended from the bottom through the free surface consists of two main 
hydrodynamic components i.e. the inertia and drag.   
Even though Morison equation is applicable to small platform, still the equation 
has been applied in the analysis of spar which is large compared to wave length.  
Anam et al [40] performed a comparison of numerical study of a spar platform using 
Morison Equation by time domain and second order frequency domain analysis.  
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Mekha et al [41] [42] studied the behavior of spar in deep water.  In the study, inertia 
force was calculated by Morison equation with Cm based on diffraction theory, and 
drag force was obtained using nonlinear term of Morison equation.  The study was 
extended to include different models for mooring lines and different approaches for 
force calculation.  Also, second order effects that create slowly varying drift force at 
different wave frequency were included.  Rho and Choi [43] studied vertical motion 
characteristics of truss spar.  In the study, heave response at regular waves were 
examined by numerical model to clarify vertical motion characteristics.  In the study, 
motion stability was studied by analyzing the equation for pitch with Mathieu 
equation.  Agarwal and Jain [44] developed a time domain analysis to study the 
dynamic analysis of a spar platform.  In the development of the unidirectional regular 
wave model, the incident wave kinematics was modeled by Airy’s wave theory and 
hydrodynamic force by Morison equation.  A numerical iteration solution for the 
quasi-static analysis of the mooring lines was then performed.  Nonlinear interaction 
component in term of axial divergence force and centrifugal force on the specific deep 
draft spar platform was studied and reported by Ma and Patel [45].   
Research studies also focused using Morison Equation for other large platforms.  
Sarkar and Roesset [46] established two programs incorporating modified Morison 
equation and number of nonlinearities to study the sensitivity of the results to the 
input parameters selected by different users to model the same basic platform.  Wang 
and Xie [47] presented a prediction method, DeepC to estimate the global motion of a 
moored semi-submersible.  The study evaluated motions by three components i.e. the 
first order wave excitation induced wave frequency motion, second order mean wave 
force induced mean drifting motion and second order low frequency wave force 
induced low frequency drifting motion.  The effectiveness and the accuracy of the 
program were verified by model test.     
2.5  Wave force formulation – Diffraction theory 
When the size of platform relative to the wave length is greater than 0.2, Morison 
equation is no longer suitable [16].  The wave-platform interactions due to existence 
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of the platform will affect the surrounding wave field.  In such case, the diffraction 
effects of the wave from the surface of the platform should be taken into account for 
the wave force computation.   
The linear diffraction problem for a fixed vertical circular that extends from the 
seabed to above the free surface was developed analytically.  It was assumed that the 
fluid is frictionless and the flow is irrotational.  Linear wave theory was used for the 
incident waves having small steepness.  The force in surge direction which was taken 
as the direction of wave propagation was found to be a function of integration of 
pressure around the cylinder.  The force undergoes a phase shift due to the diffraction 
of waves from the surface of the cylinder [16].  Anam [48] and Anam and Roesset 
[49] stated that the hydrodynamic force by diffraction-radiation theory was a sum of 
radiation force, wave exciting force, wave drift damping force, and hydrostatic 
restoring force.   
Geng et al [50] developed a higher order boundary element method (HOBEM) to 
study the diffraction effects on small members due to the existence of large cylinder 
attached.  In the study, diffraction theory was used for large cylinder and Morison 
equation was used for small members to obtain the wave force acting on the platform.  
It was concluded that the occurrence of large cylinder would create wave diffraction 
effects that could affect the small members, and the effects shall not be neglected.  
The theory was expanded to investigate the wave diffraction and radiation around 
truss spar in time domain analysis.  Also, the applicability of the method for arbitrary 
shape with regular and irregular waves was studied [51].  Naito et al [52] studied the 
diffraction force acting on simple model, ocean platform model and ship model in a 
compact circular wave basin. 
Yoo et al [53] presented a method to estimate the first and second order wave 
forces in surge motion of a spar and were compared.  First, the second order 
diffraction theory was adopted to compute the wave forces.  Higher order statistical 
signal processing (HOSSP) technique was adapted to analyse and process the model 
test data to obtain the second order, orthogonal volterra like frequency domain model.  
The study was performed to investigate the validity of the second order diffraction 
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theory and applicability of the technique mentioned for first and second order forces.  
An experimental study on a fixed, vertical truncated cylinder in irregular waves was 
carried out by Stansberg et al [54].  In the study, two conditions, i.e. the single 
cylinder and the array of cylinders were considered, where the global horizontal 
forces and pitch motion measured.  The nonlinear high frequency (HF) contribution 
generated by random waves was focused.  It was found that the magnitude of this 
force component contributed 10-20% of the total extreme forces, and diffraction 
effects can be important for the magnitude of the HF excitation.  Majority of the 
studies reported used long-crested waves for the wave action on offshore platforms.  
2.6 Wave directionality – Long-crested wave 
Study focused on coupled and decoupled analysis of a deepwater spar in different 
water depth subjected to long-crested waves was conducted by Colby et al [55].  The 
study showed that the coupling effects significantly reduced the responses compared 
to the decoupled conditions.  Ran et al [56] performed an experimental and numerical 
simulation study on the regular, bi-chromatic and long-crested irregular waves with 
and without currents to investigate the response characteristics of a floating spar.  Ran 
[57] developed a numerical code for coupled dynamic analysis of the floating 
platforms subjected to long-crested waves and currents.  In the simulation, linear and 
second order wave forces, added mass, radiation damping and wave drift damping 
were calculated from an existing program, where drag force on the platform was 
obtained by Morison’s formula.  Tethered spar, classic spar, truss spar and tension leg 
platform were considered, where the results of coupled time domain analysis was 
systematically compared with the model test results of uncoupled analysis and 
frequency domain analysis.  An investigation was carried out by Young [58] for the 
relationship between component and system performance of the offshore foundation 
and its mooring system of a spar.  The investigation focused on the reliability 
assessment of the platform under extreme environment, where only long-crested 
waves were considered.   
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An analysis of forces exerted on a 3D cylinder with arbitrary cross section in 
long-crested sea waves was performed by Sun [59], considering the viscous effects 
such as viscous damping and viscous exciting force.  From the analysis, equivalent 
wave height was introduced and the nonlinear method proposed was found accurate 
for engineering purposes.  Garrison et al [60] performed an experimental and 
theoretical study of wave forces and overturning moment acting on two geometrically 
similar concrete oil production platforms subjected to long-crested waves.  Pijfers and 
Brink [61] presented a method to obtain the mean and slowly varying drift force on a 
semi-submersible due to hydrodynamic loading in regular and irregular waves.  Zhang 
and Li [62] also presented a study on the wave load of spar and semi-submersible 
platforms subjected to internal solitary long-crested waves.  Pinkster [63] predicted 
the low frequency motions and peak mooring loads on semi-submersible by 
computations based on three dimensional potential theories in regular and irregular 
waves.  Maeda et al [64] analyzed the time series responses without solving the EOM 
in the time domain for a very large floating platform in irregular long-crested waves.   
It could be concluded that long-crested waves have been widely used in the most 
of the study focusing on subjects such as offshore platforms, coastal platforms and so 
on.  The scope was found not only focused on wave actions, it was widely expanded, 
such as different nonlinearities were developed to incorporate with various conditions.   
2.7 Wave directionality – Short-crested waves 
Researches focused on short-crested waves were found since 1970s.  The research 
scopes were mainly focused on the vertical circular cylinder, the wave kinematics and 
directional wave spectrums.  Zhu contributed a lot in the study of vertical cylinder by 
short-crested wave diffraction effects.  For instance, Zhu [65] presented a solution for 
the diffraction of short-crested wave incident on a circular cylinder. It was shown that 
the wave loading obtained by using plane incident waves would be overestimated 
when the incident waves are short-crested.  Zhu and Satravaha [66] presented a 
solution in closed form for the velocity of the nonlinear short-crested waves diffracted 
by vertical cylinder.  It was found that the nonlinear terms are important in the total 
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wave induced force, where the force could be greater compared to the linear theory of 
short-crested waves.  Also, it was proposed that the overestimation of wave force for 
the plane wave theory could be overcome by considering the nonlinear short-crested 
wave diffraction theory.  Jian et al [9] extended Zhu's theory to include the effect of a 
uniform current for different incident angles.  They derived an analytical solution for 
the diffraction of short-crested incident wave along positive x-axis direction on a large 
circular cylinder with current.   
Zhu’s theory was also extended by Zhu and Moule [67], where the effect of wave 
induced forces due to short-crested waves on vertical cylinders with circular, elliptical 
and square cross sections was discussed.  From the analysis, it was found that the 
short-crested and long-crested waves performed variedly on the cylinder considered.  
Also, it was found that for some cross sections the short-crested wave forces could 
exceed the long-crested wave forces.  Therefore, detailed considerations and 
examinations are required in the design of offshore platform; due to the complexity of 
diffraction effect for short-crested waves.  The boundary value problem composed of 
short-crested waves diffraction by vertical circular cylinder was solved by Tao et al 
[68] using Scaled Boundary Finite Element Method (SBFEM).  In the study, SBFEM 
was presented as a novel semi-analytical method developed in the elasto-statics and 
elasto-dynamic areas which used the advantages of both the finite element method 
and boundary element method.  Linear short-crested wave diffraction on large vertical 
circular cylinder in unbound domain was solved by using SBFEM, and the application 
was validated by comparing with Zhu’s finding.  Wave interactions of two cylinder 
systems with partially solid wall or opening subjected to 3D short-crested waves were 
investigated with the SBFEM by Song and Tao [69], where an analytical solution 
based on the linear potential theory was presented.  In the study, effects of parameters 
such as influences of porosity of exterior cylinder, annular spacing, wave parameters 
and surface elevation were studied.  It was proposed that the method considered for 
short-crested wave diffraction could minimize the wave impact on porous cylinder, 
which could significantly improve the practical design of the offshore platforms.  The 
theory of Tao et al [68] and Song and Tao [69] was extended by Liu and Lin [70] [71] 
to investigate the wave-platform interaction of the concentric platform with double-
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layer arc-shaped perforated cylinders in short-crested waves.  In conjunction to these 
studies, the effects of the wave parameters and platform configuration such as 
influences of porosity of exterior cylinder, annular spacing, wave parameters and 
surface elevation were examined by Song and Tao [72].  It was found that by 
considering the short-crested wave parameters as mentioned could minimize the wave 
impact on the porous cylinders.  Kimmoun et al [73] presented a study on seawall 
reflection of an incident plane waves with the perturbation method.  An analytical 
solution of the basic equation up to sixth order for capillary-gravity waves in finite 
depth and ninth order for gravity waves in deepwater was obtained, where the wave 
field was measured in a full three dimensional short-crested condition. 
Studies were also found focused on numerical wave tank for short-crested waves.  
Various 3D numerical wave tanks were developed as discussed below.  Park et al [74] 
simulated the fully nonlinear short-crested waves by three dimensional viscous 
numerical wave tank techniques.  The results for regular, irregular and short-crested 
random waves were reported and the results were compared and verified by fluid 
acceleration wave maker and hydrodynamic forces.  Kim et al [75] investigated the 
characteristics of nonlinear short-crested waves with finite difference scheme and 
modified marker-and-cell method for numerical wave tank.  The results obtained were 
compared with experimental results and potential based numerical wave tank results.  
Park et al [76] presented a numerical wave tank that simulates steep 3D directional 
waves by finite-difference/volume method based on Navier-stokes equation and 
modified marker-and-cell method.  Short-crested random waves were generated with 
the snake principle generation in the simulation.  Also, nonlinear wave-platform 
interactions were investigated in the simulation to generate nonlinear short-crested 
waves.  Liu et al [77] developed a numerical code to generate short-crested 3D wave 
group based on 2D simulations.  Zhang et al [78] [79] developed a numerical 
simulation of directional hybrid wave model (DHWM) to estimate the short-crested 
irregular ocean waves.  The theory of DHWM was extended by Zhang and Zhang 
[80] to include the effects of Doppler of steady and uniform currents on directional 
wave field by decomposing it into free waves.  Zhang et al [81] studied the effects of 
short-crested and long-crested wave interaction of wave elevation, kinematics and 
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wave-current interaction.  Toffoli et al [82] reported the wave directionality effects by 
developing a numerical code by truncated potential Euler equation.  The statistical 
properties of surface elevation and the probability of occurrence of extreme and rouge 
waves in directional wave were presented.   
Ewans and Jonathan [83] investigated the inherent directionality of metocean 
data.  They highlighted that in the development of extreme case, directionality of 
seastates needs to be considered.  Jonathan and Ewans [84] also developed a method 
to estimate an appropriate directional criteria incorporated with omni-directional 
criterion for specific location.  The method was implemented for the extreme 
condition for Northern North Sea [85].  The omni-direction criterion is important to 
be consistent in order to ensure that the directional value is similar as omni-directional 
values.  In their study, it was emphasized that omni-directional extreme values 
obtained from directional waves model can be extremely different from a direction-
independent derivation that neglected the distribution variability of data with 
directionality.   
Huntington and Gilbert [86] developed an analytical simulation to estimate the 
extreme of resultant or total vector response of an offshore platform in short-crested 
waves statistically.  In the study, an analytical solution based on the scalar theory for 
short-crested wave was performed.  It showed that the resultant statistics may be 
derived by considering zero and second moment of spectra for the components with 
first and second moments of cross spectrum between components.  The theory of 
linear diffraction was extended by Huntington and Thompson [87] to suit the 
condition of short-crested random waves exerted on a large surface piercing cylinder.  
In the study, the short-crested wave was taken as linear summation of long-crested 
wave trains from all directions.  Also, the pressure, forces and moments were derived 
based on the long-crested wave from all directions.  By integrating the total pressure 
acting in all direction, the total forces and moments were obtained.  It was found that 
short-crested wave forces are smaller than long-crested wave forces in both inline and 
transverse directions.  Ikeno et al [88] studied the motion of a floating power plant 
that was anchored by dolphin link mooring system in short-crested waves numerically 
and experimentally.  From the study, inline motion components of the main wave 
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direction of short-crested waves were found smaller compared to the long-crested 
waves.  However, vice-versa was found for transverse motion.   
The interaction of short-crested waves and floating platform was studied by 
Miyajma et al [89]. In this study, the low frequency motion of floating platform in 
short-crested waves was investigated by varying the number of directions and 
duration of the simulation.  The number of direction and duration of simulation to 
predict the statistical value of low frequency motion of the floater in short-crested 
waves were proposed.  Pinkster [90] derived an expression for mean and low 
frequency second order wave drift force by potential theory for platforms installed in 
directionally spreading seas.  Model test with regular and irregular cross seas were 
also been carried out to validate the applicability of superposition for mean drift and 
interaction of slowly varying component of drift forces in directional seas.  Teigen 
[91] investigated the surge response of deepwater TLP with a frequency and time 
domain simulation method.  The study pointed the significance of wave directionality 
that affects the response of TLP and nonlinear damping effect was proven necessary 
to be considered.   
The effects of wave directionality on environmental loads and the motion of the 
long platforms were studied by Isaacson and Nwogu [11].  Numerical code was 
developed and results obtained were compared with the existing research with finite 
element method for a rectangular section cylinder in finite water depth.  The concept 
of study was further extended by Nwogu and Isaacson [92] to investigate the mooring 
line forces and slow drift oscillations of large floating platforms in short-crested  
waves.   
Numerical simulation to investigate the transportation of jacket platform and the 
sea-fastening in directional waves based on 3D linear wave diffraction was developed 
by Standing et al [93].  Long-crested and short-crested waves were used in the 
simulations and the comparisons were presented.  Study showed that directional 
spreading sometimes increased the motions, loads and accelerations, which might be 
due to the sensitivity of the motions to wave heading angle.  Lee and Wundrow [94] 
extended the linear theory of resonant wind-wave interaction by incorporating the 
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nonlinear effects described by the transition process from long-crested to short-crested 
seas.  Bryden and Linfoot [95] described the generation of short-crested seas by the 
hardware and software in the laboratory.  The details of the microcomputer that 
control and send time series wave signal to 18 independent bottom-hinged 
"absorbing" wave makers positioned along one side of the wave tank were illustrated.   
Houlie et al [96] performed an experimental study to investigate the deepwater 
single point moored tanker model in irregular waves.  It was found that the short-
crestedness leads to increase in yaw, sway, roll and heave motions compared to long-
crested waves.  On the other hand, surge motion was found less influenced by short-
crestedness.  Naess [97] studied the nonlinear second order forces and motions of 
compliant offshore platforms in short-crested waves statistically by expanding the 
theory for long-crested wave into short-crested wave condition.  Chen [98] estimated 
the impact loads of three dimensional short-crested and two dimensional long-crested 
waves on a fixed platform with the topside equipment with a Navier-stokes numerical 
method.  Numerical simulations for long-crested and directional short-crested waves 
based on the directional wave spectra were developed.  Chen [99] also stated that 
linear random wave theory ignored the interaction among wave components 
constituting an ocean wave field that might cause large differences in predicting 
irregular wave kinematics.   
Myrhaug and Ong [100] developed a method to estimate the maximum 
equilibrium scour depth around vertical piles due to 2D and 3D nonlinear random 
waves.  The study was also expanded to investigate scour around vertical cylinder on 
the seabed due to nonlinear random waves plus current by Ong et al [101].  A 
practical method was derived by assuming stationary waves with narrow-band 
random process and implemented the wave crest height distribution for long and 
short-crested nonlinear random waves and irregular waves plus current.  It was found 
that the smaller wave set-down effects of 3D waves in infinite water depth, induced 
deeper scour depth.  Similar theory was adopted by Myrhaug and Holmedal [102] to 
investigate the bottom shear stress for the long and short-crested nonlinear random 
waves.  Norgaad et al [103] performed a small scale three dimensional model test 
with dike geometry to investigate the oblique long-crested and short-crested wave 
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influences.  Wave-platform interaction of the multiple rectangular submarine pit 
geometry with short-crested diffraction random waves was studied by Lee et al [104] 
[105].  The study suggested an efficient and accurate estimation on the 2D and 3D 
short-crested random wave fields around single or multiple pits of dredged navigation 
channels in various practical applications.  Sannasiraj et al [106] investigated the 
wave-platform interaction of multiple floating platforms in short-crested wave field.  
Two-dimensional numerical models were developed in the study to evaluate the 
hydrodynamic coefficient and force in an oblique wave field.  The dynamics of the 
platform due to the mean wave direction and directional homogeneity was studied.   
Teo [107] studied the nonlinear wave pressure induced by short-crested waves on 
a vertical wall by analytical solution, and the contribution of the higher order 
component of short-crested waves was investigated.  Fifth order components of the 
short-crested waves were found resulting significant effects on the change of pressure.  
Jian et al [108] reported a third order analytical solution with perturbation expanding 
technique to investigate the capillary gravity short-crested wave with uniform current 
in front of a vertical wall.  In the study, wave profiles, wave frequency, ratio of 
maximum crest height to the total wave height and wave pressure affected by the 
current were also studied.  A method to estimate the short-crested irregular surface 
gravity waves with accuracy up to second order in wave steepness was developed by 
Prislin et al [109].  Pinkster [110] presented the study focused on second order drift 
forces in directional seas and performed test in regular cross waves to measure the 
mean drift force.  This theory was further expanded by Kat [111] to incorporate low 
frequency forces in cross sea condition.   
Hasselmann et al [112] investigated the properties of directional spectrum and 
proposed parameter for steady wind condition of JONSWAP spectrum.  Haver [113] 
considered a common model for short-crested sea and the mean spreading function 
was suggested together with lower and upper uncertainty limits.  An examination on 
the feasibility of employing an FPSO hull for motion based estimation of the 
directional wave spectrum by experimental work was performed by Simos et al [114].  
In the study, they discussed several issues i.e. the definition of the best set of input 
motions, the number of parameters required for guaranteeing smoothness of the 
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spectrum in frequency and direction and how to determine their optimum values that 
have recently been debated regarding the advantages of Bayesian inference and 
different alternatives for its implementation.   
It could be summarized that it is important to consider short-crested waves in the 
design of either offshore platforms or coastal platforms.  In the design of coastal 
platform, it is necessary to consider the short-crested waves especially at the near-
shore region.  Short-crested waves would produce higher waves in front of the 
reflecting coastal platform and scouring of sediments around the platforms.  Steep 
free-surface profiles and complicated water particles properties at the near-shore 
region due to wave set-down are more suitable to be modeled by short-crested waves.  
The propagation of surface waves over a depth discontinuity as well is the main 
concern in coastal engineering.  Vice versa was found for design of offshore 
platforms.  It was found that the design might be overestimated by considering long-
crested waves in the design of offshore platforms, and smaller dynamic response were 
expected by using short-crested wave statistics.  Also, short-crested waves can be 
expected to give higher accuracy and providing a more economical design.   
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2.8 Critical review of literature 
Review of the literature survey with relevant to this study was summarized in the 
following section:  
2.8.1 Wave force calculation methods 
Traditionally, Morison equation was used to calculate the wave force in the design of 
offshore platforms.  Morison equation is applicable when drag force is dominant such 
as that for jacket platforms with member diameter is small compared to wave length.  
Various modifications were made, in order to suit the other conditions such as large 
diameter members, second order effects, wave nonlinearities and so on.  For platforms 
with ratio of structural diameter to the wave length above 0.2, wave diffraction theory 
is the correct theory to be used to calculate the wave force.  However, the application 
of diffraction theory, even linear theory involves cumbersome solution.  For a column 
of diameter 20 m, the error of applying Morison equation affects only the lower 14% 
of the wave period range.  Reason being is that in considerable part of wave frequency 
range, the ratio of diameter to wave length is still below 0.2.  This gives an excuse or 
justification for many research papers on large platforms such as spar and semi-
submersible platform using Morison equation, which is simple and easy for 
programming instead of diffraction theory that is the correct method.  Naturally, the 
wave forces and the resulting responses of large platforms would be erroneous.  
Figure 2.11 shows the region of application for wave-force formulation for a vertical 
cylinder.  According to the figure, wave force on large platform such as spars and 





Figure 2.11 Region of application for wave-force formulation for  
a vertical cylinder [16] 
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2.8.2 Wave directionality 
Long-crested waves have been used in most of the studies for offshore platforms.  
It was directly and indirectly used in the design practically.  Directly, it was used in 
obtaining wave forces that hit on the platform and indirectly through the usage of 
references such as practice codes that developed based on the long-crested waves.  
When we assume that a large offshore platform stretch is subjected to long-crested 
waves, the effects will be on all the stretch of the platform.  In real state, various 
short-crested waves will be hitting the stretch length in different angles and the net 
effect will be quite likely to be less.  This reduction is aimed in this study for 
determination.   
Papers focused on short-crested waves have been reported for tension leg 
platform, semi-submersible platform, vertical cylinders, tankers and coastal structures.  
Reports on short-crested waves generated by numerical wave tank and the effects due 
to the waves during transportation were published.  From the literature survey 
performed, it could be concluded that is necessary to consider short-crested waves in 
the design of offshore platforms.  Furthermore, literature stated that most of the short-
crested wave properties and aspect are almost impossible to be simulated by long-
crested waves.  It has also shown that two dimensional plane wave would be 
overestimated for three dimensional short-crested waves in deepwater.  On the other 
hand, studies reported on short-crested waves focused mainly on numerical solution.  
Studies considering the dynamic motion responses of the offshore platforms namely 
classic spar, truss spar and semi-submersible platform using of diffraction of short-
crested waves by the experimental study have not been highlighted.   
2.8.3 Gap Analysis 
Researches for large floating structures have been performed extensively by 
considering the wave force analysis by using Morison equation, which would be 
applicable only at certain frequency range and would be erroneous for most of the 
time.  The diffraction effects due to the existing of the large offshore structures are 
incorporated in the diffraction theory, which is the appropriate method to be 
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considered for such platforms.  Hence, a comprehensive study to investigate the 
applicability of the wave force calculation methods is necessary and was performed in 
this study.   
Numerous studies have been reported for the analysis of short-crested waves, but 
most of them considered only numerical solutions.  From the investigations it was 
found that the experimental facility in the existing wave tanks i.e. the multi-
directional wave generator, to perform short-crested waves are generally limited.  
Hence, research papers reported on short-crested waves are mainly focused on 
numerical studies.  However, experimental studies are generally the most precise 
studies and have the most conclusive power.  Also, most of the variables can be 
control in a well design experiment.  Furthermore, the experimental study to 
investigate the dynamic responses of large offshore platforms subjected to short-
crested waves yet been performed.  Hence, it is necessary that in this study the gap 
needs to be fulfilled.   
On the other hand, most of the research reported on short-crested waves focused 
only on vertical cylinders and coastal structures, very few of the study focused on 
large floating structures such as spars and semi-submersible platforms.  Hence, a 
series of model tests and commercial software analysis considering short-crested 
waves were conducted in this study to investigate the effects of short-crestedness of 
waves on the dynamic responses of large floating offshore platforms i.e. the spars and 






3.1 Chapter overview 
In this chapter, first and foremost the overall methodology was elaborated.  Then, 
the numerical simulations to investigate the wave-platform interaction are described.  
The methods to evaluate the offshore floating platforms hydrostatic and 
hydrodynamic characteristics as well as the structural stability conditions are 
presented.  The theories for wave properties such as wave kinematics and the 
boundary conditions are discussed.  Also, the design wave environments and the wave 
force theories for long and short-crested waves for the deep water floaters are derived.   
3.2 The overall research methodology 
In the previous chapter, it was highlighted that numerical and experimental 
investigations were considered in this study.  Two main focuses were highlighted in 
this study i.e. the wave force calculation method and wave directionality.  Firstly, the 
numerical codes were developed by using the Morison equation and diffraction 
theory.  The dynamic responses of the platforms obtained were compared with the one 
obtained from experimental studies subjected to long-crested waves to validate the 
applicability of the methods. 
As the method been proven the applicability, the codes were further expand to 
investigate the effect of wave directionality by incorporating the short-crestedness of 
the waves and validated by the experimental and commercial software results.  The 
responses obtained due to both long-crested and short-crested waves were compared 
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and quantified the variance.  Finally, parametric study was performed to investigate 
the influence of the important parameters in the design of offshore structures.  












3.3 Hydrostatic stability for floating platforms 
Hydrostatic stability is one of the concerns to ensure the effectiveness of the 
design and operational of compliant offshore platforms due to wave actions.  Also, the 
deck payload capacity for the conventional rigid floaters is found restricted by the 
hydrostatic stability.  Hence, hydrostatic stability for compliant offshore platform 
shall be paying high attentions.  This is important for semi-submersible platform that 
is sensitive to the payload capacity.  However, the payload capacity for spar platform 




To investigate the dynamic 
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of gravity of spar always staying lower than the center of buoyancy that ensure the 
platform stability and makes the platforms unconditionally stable.  
The key facts for the hydrostatic analysis that affecting the payload performance 
and dynamic responses include the mass distribution of the platform, distance from 
center of gravity (CG) to the keel point (KG), distance from center of buoyancy (CB) 
to the keel point (KB), radius of gyration for roll, pitch and yaw (rx, ry, rz) and 
metacentric (MC) height for roll and pitch motion (GMx, GMy). The details of these 
facts are illustrated in Figure 3.2.  GM of a floater shall always remain positive to 
ensure the stability of the system.   
 
Figure 3.2 Definition of the structural properties: CG, CB and metacentric height.  
The prior rule to ensure the stability for a submerged floater is that platform’s CG 
must always stay below the CB of the platform.  Total mass of the platform was 
distributed by the mass weight ratios for elements of the platform for the evaluation.  
Meanwhile, the distance KG was located by the averaging the relative distance of the 
member CG weighted by their masses.  In conjunction to this, CB was located by the 
mean of displaced water.  The metacentric height, GM was given by:  






         (3.2) 
3.4 Hydrodynamic of floating platforms 
The problem of ocean wave interaction with the offshore platforms is complicated 
and always involves cumbersome numerical analysis.  Equation of continuity 
(Laplace’s equation) and the equation of conservation of the momentum (Bernoulli’s 
equation) are the fundamental hydrodynamic equations that govern the wave 
kinematics.  In addition, environmental parameters such as the water depth, wave 
height and wave period are the common facts that should be taken into consideration 
for the development of the water wave theories.  Assumptions are made for the 
derivation i.e. 1) 2D waves in XY plane, 2) flat seabed floor with undisturbed depth 
from still water level (SWL), and 3) wave propagating to X direction, were considered.  
It was solved by the simplified boundary value problem (BVP) that utilized the 
assumptions as stated.  However, this is unrealistic for the general solution of BVP, 
where the nonlinearities are associated with the governing equation and the boundary 
condition.   
The mass of the fluid is conserved as stated in the continuity equation and give 
rise to the basic differential equation of wave motion.  The incompressibility 
assumption that is equivalent to the definition of the conservation of volume may be 









= 0        (3.3) 
where u, v, w are given as the three components of a fluid particle velocity in a 
rectangular Cartesian coordinate system, OXYZ.  The origin of the system is given as 
O at the still water surface, x is the positive wave propagation direction, y is the 
upward horizontal axis and z forms a right-handed system with X and Z.   
The velocity vector, which is equivalent to the continuity equation, is given as: 
𝛻 ∙ 𝑉 = 0           (3.4) 
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where  










𝑘        (3.6) 
The rotation vector for fluid particle that undergoes rotation is addition to translation 




𝛻 × 𝑉         (3.7) 






























)        (3.10) 
Thus, the flow is irrotational if the rotational vectors are zero.   







  and 𝑤 =
𝜕𝛷
𝜕𝑧
       (3.11) 
so that 𝜔1 = 𝜔2 = 𝜔3 = 0 










= 0        (3.12) 
Bernoulli equation was implemented to solve the wave kinematics, and the 




+ 𝜌(𝛻 × 𝑉) × 𝑉 − 𝜇𝛻2𝑉 + 𝛻 (𝑝 + 𝜌𝑔𝑦 + 𝜌
𝑉2
2
) = 0    (3.13) 
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where ρ = mass density of wave, μ = dynamic viscosity of wave, g = acceleration 
due to gravity, y = vertical coordinate, p = pressure and V = velocity vector.  By 
considering ideal fluid i.e. irrotational flow ( 𝛁 × 𝐕 ) = 0 and perfect fluid (μ = 0), and 
substituting the value of V in term  in the local inertia term, ρ ∂V/∂t, the unsteady 






















] = 𝑓(𝑡)             (3.14) 
where f (t) = arbitrary function of time.  
By assuming two dimensional plane waves, the boundary value problem is given 
as 
Seabed boundary condition:  
𝜕𝜙
𝜕𝑧
= 0 at z=-d            (3.15) 











= 0 at z=          (3.16) 
















] + 𝑔𝜂 = 0 at z=  (3.17) 






= 0, and the boundary 
conditions mentioned must be satisfied by the velocity potential, .   
3.4.1 Wave theories 
A linearized solution, the Linear Airy wave Theory (LAT) was introduced by Airy 
(1845) by implementing the aforementioned BVP.  This theory assumed that the wave 
height (H) is small compared to the wave length (L) or water depth (d).  Also, to allow 
the free surface boundary condition to be linearized by dropping the wave height 
terms that are beyond the first order and satisfying the mean water level (MWL) 
instead of the oscillating free surface.  It is also assumed that the water particle 
velocity at any depth is related linearly to the sea surface elevation.  LAT is proven to 
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give good results in the deep water field.  The element of the sinusoidal progressive 
wave is illustrated in Figure 3.3.  
 
Figure 3.3 Elements of sinusoidal progressive wave 
The solution for velocity potential,  is given as 
𝜙 = ∑ 𝜀𝑛𝑛∞𝑛=1          (3.18) 
where  is the non-dimensional perturbation parameter, 𝜀 =
𝑘𝐻
2




  and n is the nth order solution for .  The wave elevation is given as  
𝜂 = ∑ 𝜀𝑛𝜂𝑛
∞
𝑛=1          (3.19) 
By considering only the first term of the series in Eq. 3.18 and 3.19, the LAT 
derived the first order solution.  Meanwhile, the solution for two dimensional Laplace 
equations were derived with the boundary conditions as in Eqs 3.15 ~ 3.17 with the 






𝑠𝑖𝑛 𝜃         (3.20) 
Where ω=wave frequency and 𝜃 = 𝑘𝑥 − 𝜔𝑡.   
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𝑐𝑜𝑠 𝜃         (3.21) 




























𝑐𝑜𝑠𝛩      (3.25) 

















]     (3.26) 
The equations are applied and implemented in order to obtain the resultant 
kinematics for the irregular waves for each wave component and accumulated all the 
individual effects.   
3.5 Design wave conditions 
Generally, two methods are considered in the calculation of wave force i.e. the 
single wave method and wave spectrum method.  Details of the methods are 
elaborated as followed. 
3.5.1 Single wave method 
Regular wave is considered in this case, where the design wave is represented by 
a wave period (T) and wave height (H).  This method is simple, direct and easy to be 
used for prediction the responses in extreme wave conditions.   
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3.5.2 Mathematical spectrum models 
In the development of the wave energy spectrum, one or more than one wave 
parameters i.e. the significant wave height, wave period, shape factor etc. shall be 
considered.  Pierson-Moskowitz (1964) model based on the significant wave height or 
wind speed is one of the most common used single parameter wave spectrum been 
used.  Also, there are spectrum that considered more than one parameter i.e. the 
Bretschneider, Scott, ISSC, and ITTS spectrum.  Five or six wave parameters were 
considered in the development of the wave spectrum for JONSWAP and Ochi and 
Hubble respectively.  In the following section, the common wave spectrum and the 
short-crested wave spectrum for short-crested seastate are discussed.    
3.5.2.1 JONSWAP spectrum 
Hasselman et al [118] developed the JONSWAP spectrum in a joint North Sea 
wave project (JONSWAP).  The spectrum modified P-M spectrum by taking the 
effect of fetch limited condition into consideration.  The JONSWAP spectrum model 














    (3.27) 
Where γ = peakedness parameter (ranged from 1 to 7) and τ=shape parameter.  
The value of these parameters is given as: 
γ=2.0 
τ=0.07 for ω ≤ ω0 
τ=0.09 for ω ≥ ω0       (3.28) 
where 0=frequency at spectral peak.   
Figure 3.4 showed the JONSWAP spectrum wave energy distribution for the same 
wave properties at Baram Delta in SKO water region i.e. Hs= 3.3 m, Tp= 9.6 sec.   
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Figure 3.4 JONSWAP spectrum  
3.5.2.2 Short-crested wave spectrum 
The short-crested wave spectrum spreading function can be described by a cosine 
power law, where cosine-squared distribution of the directional long-crested wave-
energy density distribution in the range of /2 from the average wave direction in the 
common form of short-crested wave considered.  The energy density is given as a 
function of the frequency,  and direction, θ, about the mean heading angle of waves.   
𝑆(𝜔, 𝜃) =  {
2
𝜋






0,                             𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒
      (3.29) 
In some case, cos2 θ is substituted by cosn θ for n=3, 4 etc.  The value of n affects 
the sharpness of the distribution function, where the larger the value, the sharper the 
distribution function and higher concentration are found in the directional energy 
distribution.  In the case of long-crested waves, n value is almost infinity.  Figure 3.5 





























Figure 3.5 Short-crested wave spectrum 
3.5.3 Wave forces 
The wave force calculation is the most important task in the design of offshore 
platforms.  Dependent on the type and size of the members in an offshore platform, 
wave force calculation methods as follow are applicable:   
 Morison equation 
 Diffraction theory.  
A simple dimensional analysis could be performed to determine the method that is 
applicable.  The force, f due to waves on a structure defined by a characteristic 
dimension is given as 
𝑓 = 𝜓(𝑡, 𝑇, 𝐷, 𝐿, 𝑢0, 𝜌, 𝑣) 
Where t=time, T= wave period, L=wave length, u0=maximum horizontal water 
particle velocity, ρ=mass density of water, ν=kinematic viscosity.  The dimensionless 














































Where t/T = dimensionless time, u0T/D=Keulegan-Carpenter parameter (KC), 
u0D/ν = Reynold number, and D/L = diffraction parameter.  KC number is a measure 
of the importance of drag force effect, and the diffraction parameter to investigate the 
importance of the diffraction effects.  KC number is equivalent to the ratio of particle 
orbit diameter to the structure diameter, while the diffraction parameter is equivalent 
to the ratio of structure diameter to the wave length.  It was observed that when KC 
number is large, diffraction parameter is small.  Hence, large diffraction effect 
necessarily yields with small drag effect and diffraction is negligible when drag effect 
is large.   
In this study, classic spar, truss spar and six-columned semi-submersible platform 
are considered.  By comparing the size of these platforms to the wave length, 
diffraction effects of these three platforms are considerably large.  Hence, Morison 
equation basically is no longer applicable, diffraction theory instead is the appropriate 
method to be considered.  In order to study the applicability of the theories, responses 
of all the three platforms from the numerical code where the wave forces obtain from 
Morison equation and diffraction theory were compared and validated with the 
experimental results.  The following section described the details of the numerical 
codes.   
3.5.3.1 Long-crested waves - Morison equation 
Morison et al [34] derived the excited wave force on a vertical pile that composed 
of two components i.e. the inertia and drag.  Inertia force, FI was derived by 
considering the case study of a water particle moving along the circular, where the 
force exerted on a small segment of the cylinder is proportional to the water particle 







𝑑𝑠        (3.30) 
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where dfI = inertia force on an incremental segment ds per unit length of the pile, ρ = 
seawater density (1.035 kg/m3), D = diameter of the cylinder, 
∂u
∂t
 = local water particle 
acceleration and CM = inertia coefficient.   
Drag component in Eq. 3.31 is predominating the total force of Morison wave 
force, which was derived as the pressure difference at the wake region surrounding 




𝐶𝐷𝜌𝐷|𝑢|𝑢𝑑𝑠        (3.31) 
where dfD = drag force on an incremental segment ds, u = instantaneous water particle 
velocity and CD = drag coefficient.   
In order to obtain the wave force, Eq. 3.32 and 3.33 were integrated over the 
wetted length of the draft for spars models and along the wetted length of each 
column and over whole length of hull for semi-submersible model.  The force 
moments about CG of the platform were obtained by multiplying the forces by the 
appropriate moment arms and integrated over the whole length of the spar hull and 
each cylinder of semi-submersible model to obtain the total moments.  In some of the 
analysis reported for truss spar, reactions of the soft tank are neglected.  However in 
this study, the forces were modified to incorporate the reaction due to soft tank as 
well.  Same concept was applied for the soft tank horizontal force, where the forces 
and force moment are integrated along the total length of the soft tank.  The resultant 
forces and moment all the three platforms are given as:  
i. Classic spar 
𝐹𝑥 = (𝐹𝐼𝑖 + 𝐹𝐷𝑖) 𝑐𝑜𝑠 ∅𝑤         (3.32) 
𝐹𝑧 = 𝐹𝑧 ℎ𝑢𝑙𝑙         (3.33) 
𝑀𝑦 = (𝑀𝐼𝑖 +𝑀𝐷𝑖) 𝑐𝑜𝑠 ∅𝑤        (3.34) 
ii. Truss spar 
𝐹𝑥 = [(𝐹𝐼𝑖 + 𝐹𝐷𝑖)ℎ𝑢𝑙𝑙 + (𝐹𝐼𝑖 + 𝐹𝐷𝑖)𝑠𝑜𝑓𝑡 𝑡𝑎𝑛𝑘] 𝑐𝑜𝑠 ∅𝑤      (3.35) 
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𝐹𝑧 = 𝐹𝑧 𝑠𝑜𝑓𝑡 𝑡𝑎𝑛𝑘         (3.36) 
𝑀𝑦 = [(𝑀𝐼𝑖 +𝑀𝐷𝑖)ℎ𝑢𝑙𝑙 + (𝑀𝐼𝑖 +𝑀𝐷𝑖)𝑠𝑜𝑓𝑡 𝑡𝑎𝑛𝑘] 𝑐𝑜𝑠 ∅𝑤    (3.37) 
iii. Semi-submersible  
𝐹𝑥 = ∑ (𝐹𝐼𝑖 + 𝐹𝐷𝑖)𝑐𝑜𝑠
7
𝑖=3 ∅𝑤 + 𝐹𝑝𝑥 ℎ𝑢𝑙𝑙1,2       (3.38) 
𝐹𝑧 = 𝐹𝑧 ℎ𝑢𝑙𝑙 1,2         (3.39) 
𝑀𝑦 = ∑ (𝑀𝐼𝑖 +𝑀𝐷𝑖)𝑐𝑜𝑠
7
𝑖=3 ∅𝑤 +𝑀𝑦 𝑝      (3.40) 
3.5.3.2 Long-crested waves - diffraction force 
By taking spars and semi-submersible platform as large platforms, diffraction 
theory was implemented to evaluate the wave force.  In the theory, the existence of 
these platforms are assumed creating a diffraction effect around the wave field nearby 
when waves approaching the platform.  Drag force is neglecting in this case, however 
the hull is assumed predominated by inertia force.  Similarly, the wave forces are 
obtained by integrating the equations over the wetted length of the draft for spars 
models, and wetted length of each column and over whole length of hull for semi-
submersible platform.   







𝑐𝑜𝑠(𝛼1 − 𝜔𝑡) 𝑐𝑜𝑠 ∅𝑤     (3.41) 






) 𝑒−𝑘ℎ 𝑐𝑜𝑠(𝛼2 − 𝜔𝑡)    (3.42) 














         (3.44) 
J’n = Bessel function of the first kind of order n, H’n = Hankel function of the 
first kind of order n, and [1-1/2 sin (kr)] = diffraction coefficient.  
Similar formulae for truss spar hull section were modified to be implemented for 
soft tank, and the horizontal force for the soft tank are given as 






𝑐𝑜𝑠(𝛼1 − 𝜔𝑡)     (3.45) 
where stt = soft tank top elevation and stb = soft tank bottom elevation.   
3.5.3.3 Short-crested waves properties  
The Laplace governing equation and the boundary conditions are governed in the 
boundary value problem.  The governing equation and boundary condition are given 
as  
Governing equation  
𝛻2∅ = 0         (3.46) 
Bottom boundary condition 
∅𝑧 = 0  𝑎𝑡 𝑧 = −𝑑        (3.47) 
Kinematic free surface boundary condition 
∅𝑧 = 𝜔𝜂𝑡 + 𝜙𝑥𝜂𝑥 + 𝜙𝑦𝜂𝑦  𝑎𝑡 𝑧 = 𝜂      (3.48) 
Dynamic free surface boundary condition 






2) = 0  𝑎𝑡 𝑧 = 𝜂     (3.49) 
By substituting Eq. (3.49) to Eq. (3.48), the combined free surface boundary 
condition is given as 
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𝜔2𝜙𝑡𝑡 + 2𝜔𝛻∅ ∙ (𝛻∅𝑡) + 𝛻∅ ∙ 𝛻 [
1
2
(𝛻∅)2] = 0  𝑎𝑡 𝑧 = 𝜂     (3.50) 
The mean wave level is assumed to be zero and given as 





       (3.51) 
Given that L= wave length of incident and reflected wave, Lx and Ly = the 
distance between the crest in x and y direction respectively.  The components of the 








= 𝑘 𝑐𝑜𝑠 𝜃 = 𝑛𝑘        (3.53) 
Where 𝑚2 + 𝑛2 = 1.   
The theory of Zhu [69] investigating the diffraction of short-crested waves around 
a fixed, vertical circular cylinder was considered.  The fluid is assumed to be 










,      𝑣𝑧 =
𝜕∅
𝜕𝑧
        (3.54) 

















= 0       (3.55) 
that satisfying the boundary conditions as stated in Eq. 3.46 ~ 3.48.   
The velocity potential for short-crested incident waves propagating in the positive 






e−i(kxx−ωt) cos kyy       (3.56) 
Where i = (-1), kx and ky = wave number in x and y direction respectively, k = 




2         (3.57) 





2 𝑡𝑎𝑛ℎ 𝑘𝑑         (3.58) 
It could be observed that the wave speed for long-crested waves is slower than the 
short-crested waves, in the case of fixed wave number, direction of propagation and 
water depth as compared to the short-crested waves.   
The total potential for short-crested wave incident is defined as the product 
summation for the incident wave potential with the scattered wave potential that given 
as 










𝑛=0 [𝑐𝑜𝑠(𝑚 + 2𝑛)𝜃 + 𝑐𝑜𝑠 (𝑚 − 2𝑛)𝜃]𝑒
−𝑖𝜔𝑡∞
𝑚=0








𝑛=0 [𝐴𝑚𝑛𝐻𝑚+2𝑛(𝑘𝑟) ∙ 𝑐𝑜𝑠(𝑚 + 2𝑛)𝜃 + 𝐵𝑚𝑛𝐻|𝑚−2𝑛|(𝑘𝑟) 𝑐𝑜𝑠(𝑚 −
∞
𝑚=0
2𝑛)𝜃]𝑒−𝑖𝜔𝑡         (3.61) 
and Hm+2n(kr) and Hm-2n(kr) are the Hankel function of first kind that represent 


















]𝜋 , 𝑘𝑟 → ∞      (3.63) 















,      (3.65) 









𝑚=0      (3.66) 
3.5.3.4 Diffraction of short-crested waves forces 
Wave forces and moments were derived based on the short-crested diffraction 
forces for the analysis of two dimensional motion responses for spars and semi-
submersible platform in the time domain analysis.   
Total force per unit length in the direction of wave heading is given as 
𝑑𝐹𝑥
𝑑𝑧
= −𝑎 ∫ 𝑝 (𝑟, 𝜃, 𝑧) 𝑐𝑜𝑠 𝜃  𝑑𝜃
2𝜋
0
        (3.67) 
where p(r,θ,z) = pressure at any location on the surface of the cylinder that given as 










𝑚=0     (3.68) 
The final expression of 
dFz
dz






𝑒−𝑖𝜔𝑡𝑅(𝑘𝑥,  𝑘𝑦, 𝑘, 𝑟)      (3.69) 
where  
𝑅(𝑘𝑥,  𝑘𝑦 , 𝑘, 𝑟) = 𝑖[𝑅0(𝑘𝑥 ,  𝑘𝑦 , 𝑘, 𝑟) + ∑ 𝑅𝑛(𝑘𝑥 ,  𝑘𝑦 , 𝑘, 𝑟)
∞
𝑛=1 ]    (3.70) 
with 






𝐻1(𝑘𝑟)   (3.71) 
𝑅𝑛(𝑘𝑥,  𝑘𝑦 , 𝑘, 𝑟) = 𝑖
2𝑛{[𝐽2𝑛+1(𝑘𝑥𝑟)𝐽2𝑛(𝑘𝑦𝑟) − 𝐵2𝑛+1,𝑛𝐻1(𝑘𝑟)] − [𝐽2𝑛−1(𝑘𝑥𝑟)𝐽2𝑛(𝑘𝑦𝑟) − 𝐵2𝑛−1,𝑛𝐻1(𝑘𝑟)]} 
          (3.72) 
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By considering the water run-up and the pressure distribution around the cylinder, 
the first order total horizontal force was evaluated by integrating the equation with 
respect to the total wetted length.  The first order total horizontal and vertical forces 










𝑒−𝑖𝜔𝑡  𝑅(𝑘𝑥 ,  𝑘𝑦 , 𝑘, 𝑟)    (3.73) 




) 𝑒−𝑘ℎ 𝑐𝑜𝑠(𝛼2 − 𝜔𝑡)[1 −
1
2
𝑠𝑖𝑛 𝑘𝑟]    (3.74) 




The total moment about an axis parallel to the y-axis through the bottom of the 
cylinder is given as 





𝑑𝑧 =  −2𝜋𝜌𝑔𝐻𝑟𝑑2𝑒−𝑖𝜔𝑡𝑅(𝑘𝑥,  𝑘𝑦 , 𝑘, 𝑟) ∙
𝑘𝑑 𝑠𝑖𝑛ℎ 𝑘𝑑−𝑐𝑜𝑠ℎ 𝑘𝑑+1
(𝑘𝑑)2 𝑐𝑜𝑠ℎ 𝑘𝑑
 (3.75) 
The concept of Zhu’s theory [64] for evaluating the diffraction of short-crested 
wave force for floaters is modified in this study.  The theory assumed a fixed cylinder 
with two groups of wave heading to x and y-axis.  In this study, similar concept as 
discussed earlier been implemented to consider the condition of the floaters such as 
spars and semi-submersible platforms, where the force and force moment are 
integrated to the total wetted length inclusive of the water depth underneath the 
structures with waves propagating from angle 0 to 2 for every 0.07 rad (2 degrees) 
incremental.   
The resultant forces and moment all the three platforms in long-crested and short-
crested waves are given as:  
i. Classic spar 
𝐹𝑥 = (𝐹𝑥𝑡) 𝑐𝑜𝑠 ∅𝑤         (3.76) 
𝐹𝑧 = 𝐹𝑧 ℎ𝑢𝑙𝑙         (3.77) 
𝑀𝑦 = (𝑀𝑦𝑡) 𝑐𝑜𝑠 ∅𝑤        (3.78) 
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ii. Truss spar 
𝐹𝑥 = [(𝐹𝑥𝑡)ℎ𝑢𝑙𝑙 + (𝐹𝑥𝑡)𝑠𝑜𝑓𝑡 𝑡𝑎𝑛𝑘] 𝑐𝑜𝑠 ∅𝑤       (3.79) 
𝐹𝑧 = 𝐹𝑧 ℎ𝑢𝑙𝑙 + 𝐹𝑧𝑡 𝑠𝑜𝑓𝑡 𝑡𝑎𝑛𝑘        (3.80) 
𝑀𝑦 = [(𝑀𝑦𝑡)ℎ𝑢𝑙𝑙 + (𝑀𝑦𝑡)𝑠𝑜𝑓𝑡 𝑡𝑎𝑛𝑘] 𝑐𝑜𝑠 ∅𝑤      (3.81) 
iii. Semi-submersible  
𝐹𝑥 = ∑ (𝐹𝑥𝑡)𝑐𝑜𝑠
7
𝑖=3 ∅𝑤 + 𝐹𝑝𝑥 ℎ𝑢𝑙𝑙1,2        (3.82) 
𝐹𝑧 = 𝐹𝑧 ℎ𝑢𝑙𝑙 1,2         (3.83) 
𝑀𝑦 = ∑ (𝑀𝑦𝑡)𝑐𝑜𝑠
7
𝑖=3 ∅𝑤 +𝑀𝑦 𝑝       (3.84) 
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CHAPTER 4 
TIME DOMAIN SIMULATION 
4.1 Chapter overview 
In this chapter, solution of the equation of motions (EOM) discussed in previous 
chapter are solved and the solutions are elaborated.  The dynamic responses of the 
floating offshore platforms due to wave force calculated by Morison equation and 
diffraction theory are discussed.  Also, the responses due to long-crested waves and 
short-crested waves are elaborated.  The details of the stiffness, mass and damping 
matrices are determined for the typical structural dynamic analysis.   
 
4.2 Time domain analysis 
Moored compliant offshore platforms could be analyzed by either coupled or 
uncoupled analysis.  In this study, uncoupled analysis was adopted.  In uncoupled 
analysis, the platform and the mooring system are considered as two different 
components. The force vector, stiffness, mass and damping matrices are formulated 
for each platform elements.  Mooring lines are modeled as mass-less springs and the 
contribution to the inertia, damping and excitation force is ignored.   
The governing equations for the rigid platform EOM with three degrees of 
freedom are derived by considering the conditions of equilibrium in the longitudinal 
direction, transverse direction and the rotational about CG.  In the case of both spars 
and semi-submersible platform prototypes, the general equation is given as 
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[𝑀]{?̈?} + [𝐶]{?̇?} + [𝐾]{𝑋} = {𝐹}      (4.1) 
4.2.1 Equation of motion for classic and truss spars 
In the case of spars, mass matrix [M] that is given as the summation of structural 









]     (4.2) 
Where m = body mass, and I = mass moment of inertia about y-axis.   
Added mass is evaluated by integrating from the bottom of the hull to the 
instantaneous surface elevation, and the wetted length is divided in to N number of 
elements.  The summary of the added mass formulations are given as: 
𝑚11 = ∑ 𝜌𝐶𝑚𝐴 ∙ 𝜕𝑛 𝑐𝑜𝑠 𝜗 𝑐𝑜𝑠 𝜗  𝑑𝑧
𝑁
𝑗=1       (4.3) 
𝑚12 = 𝑚21 = ∑ −𝜌𝐶𝑚𝐴 ∙ 𝜕𝑛 𝑠𝑖𝑛 𝜗 𝑐𝑜𝑠 𝜗  𝑑𝑧
𝑁
𝑗=1      (4.4) 
𝑚13 = 𝑚31 = ∑ 𝜌𝐶𝑚𝐴 ∙ 𝜕𝑛 𝑐𝑜𝑠 𝜗  𝑑𝑧
𝑁
𝑗=1       (4.5) 
𝑚22 = ∑ 𝜌𝐶𝑚𝐴 ∙ 𝜕𝑛 𝑠𝑖𝑛 𝜗 𝑠𝑖𝑛 𝜗  𝑑𝑧
𝑁
𝑗=1       (4.6) 
𝑚23 = 𝑚32 = ∑ −𝜌𝐶𝑚𝐴 ∙ 𝜕𝑛 𝑠𝑖𝑛 𝜗 𝑑𝑧
𝑁
𝑗=1       (4.7) 
𝑚33 = ∑ 𝜌𝐶𝑚𝐴𝑛
2 ∙ 𝜕𝑛 𝑑𝑧𝑁𝑗=1        (4.8) 
The structural damping matrix is given as [C], where it could occur from the 
source such as structural, radiation, wave drift and mooring line.  The structural 
damping of the system is generally small compared to the rest of the sources that may 
cause by the low natural frequencies of the system in all degrees of freedom.  The 
structural damping matrix and the components are given as 




]       (4.9) 
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𝑐11 = 2𝜉𝑠𝜔𝑛𝑠𝑚       
𝑐22 = 2𝜉ℎ𝜔𝑛ℎ𝑚       
𝑐33 = 2𝜉𝑝𝜔𝑛𝑝𝐼        (4.10) 
where ξ = the damping ratio in the specified direction of motion,  𝑛𝑠 ,𝑛ℎ ,𝑛𝑝  = 
natural frequency of the system in surge, heave and pitch respectively.   
The last term [K] = system stiffness, which is derived as the product summation of 
the hydrostatic and mooring line stiffness matrices.  As discussed earlier, uncoupled 
analysis were performed in this study, hence the mooring linear are represented by 
linear massless spring and contributed only to the stiffness in the direction of surge 
motion.  Heave restoring force contributed by the hydrostatic buoyancy force that 

















k3= buoyancy force  distance from CG to CB 
kx= horizontal spring stiffness measured from wave tank test 






4.2.2 Equation of motion for semi-submersible platform 
Similar concept was applied for semi-submersible platform where, mass matrix is 
give as product summation of structural mass matrix and added mass matrix.  
Structural mass matrix remained the same for semi-submersible platform.  As of 
added mass matrix, the elements of the semi-submersible platforms were evaluated 
individually.  For column members, the added mass was integrated throughout the 
wetted length that is divided in to N number of elements.  The z-coordinate measured 
from MWL for element k is given as 
𝑧𝑘 = −(ℎ − 𝑏 − 𝑧𝑔) + (𝑘 −
1
2
) 𝑑𝑧        (4.12) 





]       (4.13) 
Where 





𝑑𝑧8𝑖=3       (4.14) 






𝑑𝑧8𝑖=3      (4.15) 






𝑑𝑧8𝑖=3      (4.16) 





𝑑𝑧8𝑖=3       (4.17) 





𝑑𝑧8𝑖=3      (4.18) 









𝑚11,𝑝 = 𝜌𝐶𝑚1𝑉 
𝑚22,𝑝 = 𝜌𝐶𝑚2𝑉 
𝑚33,𝑝 = 𝜌𝐶𝑚3𝑉         (4.20) 
By assuming a spherical platform of radius, r, the platform volume and added 




𝜋𝑑3         (4.21) 
𝐶𝑚1 = 𝐶𝑚2 = 𝐶𝑚3 =
1
2
        (4.22) 
The stiffness matrix also consists of the hydrostatic and mooring stiffness 
matrices.  The hydrostatic stiffness matrix contributed to the heave and pitch motions 





]       (4.23) 
where 
𝑘22 = 𝜌𝑔∑𝐴𝑤𝑛        (4.24) 
𝑘33 = 𝜌𝑔∆𝐺𝑀𝑟         (4.25) 
The mooring line stiffness, Km is derived by a right handed coordinate system.  
The mooring system is assumed to be perfectly elastic and may be replaced with 






]      (4.26) 
Where Zf = vertical distance from fairlead to the platform’s center of gravity.   
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4.3 Numerical integration method 
Newmark-Beta method is the solution widely used for structural dynamics, where 
the interpolation involves the displacement, velocities and accelerations.  In this 
study, Newmark-Beta method is used.  The displacement of the platform calculated 
for each time step is given as 
𝑋𝑡+△𝑡 = 𝐾
−1?̂?𝑡+△𝑡         (4.27) 
The effective stiff ness matrix, K̂ is given as 
𝐾 = 𝐾 + 𝑎0𝑀          (4.28) 
The acceleration, Ẍt+△t and the velocity, Ẋt+△t of the platforms are evaluated by 
?̈?𝑡+△𝑡 = 𝑎0(𝑋𝑡+△𝑡) − 𝑎2?̇?𝑡 − 𝑎3?̈?𝑡       (4.29) 
?̇?𝑡+△𝑡 = ?̇?𝑡 + 𝑎6?̈?𝑡 + 𝑎7?̈?𝑡+△𝑡        (4.30) 
The effective loading matrix, F̂t+△t is given as 
?̂?𝑡+△𝑡 = 𝐹𝑡+△𝑡 +𝑀(𝑎0𝑋𝑡 − 𝑎2?̇?𝑡 − 𝑎3?̈?𝑡)       (4.31) 




























𝑎6 = ∆𝑡(1 − 𝛿) 
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𝑎7 = 𝛿∆𝑡          (4.32) 
Where  = 0.5, α = 0.25(0.5+)2, and t = time step.   
Ramp function, framp was applied before the Newmark-Beta method for EOM 
solution in time domain so that there is continuity and gradual transition of wave 
loads from an initial zero to fully developed stage.  The function multiplied the wave 







]        (4.33) 
In Figure 4.1, the dynamic analysis of the moored floaters in time domain analysis 
is illustrated.  Three sets of numerical codes were developed to study the dynamic 
responses of classic spar, truss spar and semi-submersible platforms.  The basic 
concept of the algorithm for all the floaters considered in this study is the same.  The 
wave force calculation methods and wave directionality are highlighted here.  The 
wave force formula for each platform was substituted in the force term of the EOM.  
The dynamic equilibrium condition was applied for each time step through the 
iteration in the updated wave force.  The EOM was solved by Newmark-Beta method.  
The dynamic equilibrium condition was applied each time step through iteration in the 
updated wave forces with maximum allowable error of 0.01% of the wave forces. 


























Figure 4.1 Algorithm for numerical simulations  
New iteration (j=j+1), assessment of Fnj,Kn,Mn for xn 
Type equation here. 
End 
Prediction of effective stiffness matrix, 𝐾 (Eq.4.28) 
Type equation here.Prediction of effective loads, ?̂?𝑛 (Eq.4.31) 
















































Definition of structural, mooring and environmental data 
Type equation here.Estimation of the wave properties, i. . wave length, L, wave 
frequency, , wave number, k etc. 
Type equation here.Definition of initial displacement, x0, velocity, ?̇?0, acceleration, ?̈?0 
Type equation here.Estimation of the physical mass matrix, (mac + map) 
 
Type equation here.
Time step looping 
 
Definition of initial iteration counter (j=1) and let xnj = xn-1 
 
Type equation here.
Evaluation of Fnj, Kn, Mn based on xn,j 




5.1 Chapter overview  
As discussed earlier, numerical codes were developed to study the dynamic 
responses of the spars and semi-submersible platforms subjected to Morison equation, 
diffraction theory and long-crested as well short-crested waves.  In order to validate 
the numerical model for each of the condition, a set of model tests was conducted for 
all these three platforms subjected to long-crested and short-crested waves.  In this 
chapter, the details of the wave tank tests performed are elaborated.  The setup of the 
tests, modeling of the platform, mooring system and environment are discussed.  
Also, the laboratory facilities, instruments and data acquisition systems used are 
elaborated.   
5.2 Laboratory facilities and instrumentations 
All the model tests were carried out in the wave tank located in Offshore 
Laboratory of Universiti Teknologi PETRONAS (UTP).  The dimension of the tank 
measures approximately 22 m total length, 10 m width, and 1.5 m water depth as 
illustrate in Figure 5.1 and Figure 5.2.  In Figure 5.3 shows the wave generator with 
16 individual paddles.  The other systems that are built into the wave tank include 
wave generator, current generator, remote control unit, signal generation computer 




Figure 5.1 Detail drawing of the wave tank 
 
Figure 5.2 Wave tank in offshore laboratory of UTP 
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Figure 5.3 Wave maker with 16 individual paddles 
Wave generator consists of two modules, where each of it consists of 8 individual 
paddles that move independently forward and backward to generate the waves.  
Following are the sea-states that could be generated by the generator:  
1. Long-crested regular waves at normal and oblique incidence.  
2. Long and short-crested ‘Filtered White Noise’ random waves at normal 
incidence with optional set-down compensation.   
3. Long and short-crested random waves at normal and oblique incidence using 
‘Summing of Sine Waves’ technique.  Waves may be ‘left’ or ‘right’ going or 
short-crested using ‘paddle ramping’ to select the active paddle elements.   
4. Seastate that have been created off-line and stored in a file as paddle position.  





Details of the wave generation systems are tabulated in Table 5.1  
Table 5.1  Details of the wave generator 
Description Value 
Wave maker specification 
Paddle width, m 0.62 
Module width, m 4.98 
No. of modules 2 
Maximum water depth, m 1 
Paddle stroke, m 1.08 
Paddle velocity, m 0.87 m/s 
Paddle force, kN 1.5 




Short-crested  waves 


















The important of the having multi-element wave generation system is that by 
varying the phases between the adjacent paddles, waves can be generated at any angle 
instead of uni-direction normal to the wave generator.  However, the wave 
directionality might affect in the higher frequencies range, where wall reflection effect 
might occur.  To avoid the spurious waves, the limitation of the maximum angle of 
propagation with relevant to the frequency is plotted in Figure 5.4.   
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Figure 5.4 Limitation of the maximum angle of propagation with respect to the 
frequency 
According to the theoretical performance of the wave generator in water depth of 
0.8 m and 1 m, the performance graph is plotted in Figure 5.5.  The figure also shown 
that wave up to 0.3 m wave height and 0.5 s wave period could be generated (in 
model scale).   
 
Figure 5.5 Performance of the wave generator 
In the generation system, the common random sea spectra such as JONSWAP, 
PM, ISSC, BretSchneider and Ochi-Hubble are predefined.  The system is also able to 
generate customized used defined spectrum.  The current generator was installed 
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under the tank to generate current and could provide a current speed at 0.2 m/s at the 
water depth of 1 m.   
The wave absorption beach was designed to prevent waves that are reflected back 
from a model being re-reflected back from the model.  It contains a rigid framework 
with foamed filled plates fixed on it.  The following instruments were also used in the 
test series.   
 Optical tracking system  
 Inclinometer  
 Wave probes  
 Load cells  
 Accelerometer  
 Data logger   
Optical tracking system (OptiTrack) is a motion tracking system in 6 DOF that is 
robust, real-time, and 3D.  In this system, it consists of multi-cameras, marker balls, 
hubs and calibration tools and keys.    In order to have a high accuracy, the cameras 
should be arranged so that the views are overlapped and shall be secured firmly in 
place.  This will create a capturing area called capture volume where the tracking will 
occur.   
The calibration of the system was performed by using the 3 marker ward, in order 
to improve the overall performance of the system.  The calibration practices inclusive 
of:  
- Prepare capture volume  
 To remove the reflective objects and extraneous marker from the volume 
- Adjust camera setting 
 To block the remaining visible reflective objects 
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- Wand volume evenly 
 During the calibration, the entire 3D capture volume is to be wand 
comprehensively and evenly to achieve the good 2D camera coverage.  
The components of the system are shown in Figure 5.6.  Figure 5.7 shows the 








Figure 5.6 Optical tracking system (OptiTrack) 
Figure 5.7 Cameras setup for OptiTrack 
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Inclinometer is a sensor for complete angle monitoring and early warning system.  
The tilt angle measurement in the range of 70 and formatted to provide reading per 
line is designed for the inclinometer.  The configuration of the degrees, percent grade, 
or inch per foot rise with either 0.1 or 0.01resolution is presented in the LCD 
display provided. 
The wave elevations were measured by twin wire wave probes.  The purposes to 
perform the measurements are mainly for 1) calibration purposes, and 2) means of 
measuring the details of the wave behavior and hydraulic characteristics of the 
modeled platform.  The probes were attached to the tripod with the probe length 900 
mm and diameter 6.0 mm.  Simple monitor is equipped with the wave probe to 
monitor the change of water level during the tests.  Each probe shall be calibrated 
regularly.  The calibration was performed by measuring the change in output voltage 
when the probe is raised or lowered by a known amount in still water.  This operation 
is facilitated by means of a calibrated stem which is attached to the wave probe and 
which has a series of accurately spaced holes drilled along its length.   
Tension/compression submersible low capacity (250 N) cylindrical shaped and 
light weight load cells were used in the test to measure the mooring loads during the 
tests.  Sensors are equipped with 60m length and 6mm diameter 4-core shielded 
chloroprene cable with and output rate of 300010-6 strain and workable in 
temperature range of -20 C to +70 C.   
Accelerometer is a compact, water proof and light weight single axis acceleration 
transducer that works in temperature range of -10 C to +50 C and water pressure up 
to 500 kPa.  Acceleration range of 10 m/s2 is able to be measured by this meter with 
the output rate of 100010-6 strain and response frequency of 50 Hz.  Figure 5.8 
shows the equipment used for the wave tank test.   
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Figure 5.8 Equipment used for wave tank test. 
5.3 Scaling law 
In order to simulate the prototype responses, first and foremost factor is to 
investigate the modeling laws required for the system to be analyzed for satisfying the 
following parameters: 
 Geometric similitude 
 Hydrodynamic similitude 
The limitation of the experimental facilities affected the choice of scale for the 
tests.  Normally, the choice of scale that provides the most economical and the most 
effective solution will be chosen.  The common ranges of scaling factors for coastal 
studies are in the range of 1: 150 to 1:20 in 2D tank, 1: 150 to 1:80 for 3D wave tank, 
and 1:100 to 1:10 is the common range of scale for free and moored floating 
platforms [116].   
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There are generally two accepted methods where the scaling laws related to the 
physical systems i.e. the prototype and model, are developed.  First method is by 
inspection analysis of the mathematical description of the physical system under 
investigation.  The physical system dynamics are taken as a system of differential 
equations and written in non-dimensional terms.  As the simulated physical system 
duplicates the full-scale system, the non-dimensional quantities in the differential 
equations must be equal for both.  Hence, the equality of the corresponding non-
dimensional parameters governs the scaling laws.  This could assure the similarity 
between both systems but is dependent on knowing explicitly the governing equations 
for the prototype and model.  The second method relating the model properties to the 
prototype properties by the parametric approach in which the Buckingham Pi 
Theorem is applied to all applicable variable to derive a group of meaningful 
dimensionless quantities.  In this approach, the important variables influencing the 
dynamics of the system are identified in advance and the physical dimensions are 
noted.  Based upon this theorem, the independent and convenient set of non-
dimensional parameters is constructed from these variables.  The equality of the pi 
terms for the model and prototype systems gives the similitude requirements or 
scaling laws to be satisfied, where the corresponding pi will be equal if the model and 
prototype structural system similar [117].   
The most appropriate scaling law for the free and moored floating platform tests is 




         (5.1) 
Where u = fluid velocity, g = gravitational acceleration and D = characteristic 
dimension platform.   
The Froude model should satisfy the relationship, where it is assumed that a 









        (5.2) 
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Where p = prototype and m = model, and  = scaling factor.   
The model linear dimensions will be scaled linearly with the scale factor 
according to the geometric similarity, 
𝐼𝑝 = 𝜆𝐼𝑚         (5.3) 
While  
𝑢𝑝 = √𝜆𝑢𝑚         (5.4) 
In this study, Froude’s law of similitude is adopted, and the common variables are 




Table 5.2  Froude scaling law [117] 
Variable Unit Scale Factor 
Geometry 
Length L  
Area L2 2 
Volume L3 3 
Angle  None  1 
Radius of gyration L  
Area moment of inertia L4 4 
Mass moment of inertia ML2 5 
Mass  M 3 
CG L  
Kinematics and dynamics   
Time  T 1/2 
Acceleration LT-2 1 
Velocity LT-1 1/2 
Displacement L  
Angular acceleration T-2 -1 
Angular velocity T-1 1/2 
Angular displacement None 1 
Spring constant (Linear) MT-2 2 
Damping coefficient None 1 
Damping factor MT-1 5/2 
Natural period T 1/2 
Displacement L  
Wave mechanics   
Wave height L  
Wave period T 1/2 
Wave length L  
Celerity LT-1 1/2 
Particle velocity LT-1 1/2 
Particle acceleration LT-2 1 
Water depth L  
Wave pressure ML-1T-2  
5.4 Model description 
All the three classic spar, truss spar and six-columned semi-submersible platform 
models were fabricated by using steel plates with the scaling factor 1:100 as shown in 
Figure 5.9 and 5.10.  Table 5.3 shows the summary of the general structural data for 








Figure 5.9 Experimental steel models 






Classic Spar Truss Spar Semi-submersible 
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Table 5.3  Structural data of the experimental models 
Classic spar 
Description Model (m) Prototype (m) 
Diameter 0.300  30.00  
Hull Length 0.899 89.90  
Draft 0.699 69.90  
Vertical CG from keel 0.31 31 
Vertical CB from keel 0.40 40 
Total mass, kg 13.302 13.302  106 
Radius of 
Gyration 
rx 0.2282 22.82 
ry 0.2282 22.82 
rz 0.15 15.0 
Truss spar 
Description Model (m) Prototype (m) 
Diameter 0.3 30 
Overall Length 90.9 90.9 
Draft 0.704 70.4 
Vertical CG from keel 0.435 43.5 
Vertical CB from keel 0.48 48 
Total mass, kg 20.96 20.96  106 
Radius of 
Gyration 
rx 0.287 28.705 
ry 0.287 28.705 
rz 0.231 23.12 
Semi-submersible 
Description Model (m) Prototype (m) 
Pontoon 
Length 1  100 
Breath 0.16 16 
Depth 0.08 8 
Column 
Diameter 0.127 12.7 




Transversal Spacing 0.5 50 
Vertical CG from keel 0.193 19.3 
Metacentric 
height 
Roll 0.051 5.1 
Pitch  0.015 1.5 
Radius of 
Gyration 
rx 0.209 20.98 
ry 0.275 27.45 
rz 0.242 24.28 
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5.5 Environmental data conditions 
In order to study the long-crested and short-crested waves acting on the models, 
the following wave series were generated.  In general, long-crested regular and 
random waves were recorded for the duration of 3 minutes and 6 minutes.  Short-
crested waves, bi-directional and short-crested waves were generated and recorded for 
3 minutes.  Random waves were described by the JONSWAP spectrum with peak 
enhancement factor, 3.3.   
5.5.1 Regular waves  
The conventional design of offshore platforms normally considered 1) single 
wave method that involved the input of wave period and wave height; and 2) wave 
spectrum method.  Table 5.4 shows the regular wave series considered.  The wave 
module defined the regular wave as the sine function, where the wave height and 
wave frequency were defined for the wave generations.  Also, the waves were 
propagated to only one direction.  To obtain the responses of the models, the wave 
elevations were generated and measured prior to the installation of the models.  The 
elevations were measured by the wave probe placed at the same location where the 
models will be installed.  After the models were installed and setup for test, waves 
were generated.  The motions due to the wave actions were recorded by the OptiTrack 
system in time series.  The transfer functions of these regular waves were evaluated 



















RG1 1.67 0.6 0.04 0.039 
RG2 1.43 0.7 0.04 0.043 
RG3 1.25 0.8 0.04 0.039 
RG4 1.11 0.9 0.05 0.052 
RG5 1.00 1.0 0.06 0.057 
RG6 0.83 1.2 0.06 0.058 
RG7 0.71 1.4 0.07 0.068 
RG8 0.63 1.6 0.08 0.078 
RG9 0.56 1.8 0.08 0.082 
RG10 0.50 2.0 0.08 0.081 
5.5.2 Short-crested waves  
The method of mode spectra was used in the wave generation module to increase 
the computational efficiency of the short-crested wave generation.  Each mode 
consists of a range of frequencies and heading angle.  When the various modes are 
combined a good distribution of both angle and frequency is produced.  The repeated 
reflection off the side walls to produce full quality waves over almost the whole area 
of the basin were considered in the method, as claimed in the wave basin user manual 
[115]. 
Of course in reality, there are limitations in the basin.  Hence, in this study, the 
following limited conditions are avoided:  
1) L 2w or 
2)  θ  sin-1 (L/w-1) 
To comply with these limitations and to prevent sin θ exceeding 1, the modes 
available at particular frequencies are limited by the following inequalities:  
1) Sin θ  (L/w -1) 
2) Sin θ  mL/2b  1 
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3) m  n-1 
where m = mode number, n = paddle number, L = wave length at the respective 
frequency.  
In practice, the wave energy is usually spread over a range of directions up to 
approximately 90 away from the mean direction.  Spreading functions, as discussed 
previously are applicable to the energy spectrum, to convert it to be a function of 
angle and frequency.   
In the module of short-crested wave generation, the spreading function technique 
is implemented with the method of modes to produce the short-crested waves.  For 
each frequency in turn, the spreading function is integrated over the angular range 
corresponding to each mode (m), i.e. sin-1 [(m-1/2)  L/2b] to sin-1 [(m+1/2)  L/2b], 
to obtain a series of factors.  The energy at the respective frequency is then spread 
between the different modes, according to those factors.  In the study, build in 
spreading cos2 θ was used.  In this case, the formula is factored so that during the 
integration over the possible range of direction (/2), the result is 1.0 for the 
spreading function.  Table 5.6 tabulated the short-crested wave series generated. 

















A 0.50 2.00 0.08 0.0836 
B 0.63 1.60 0.08 0.0807 
C 0.71 1.40 0.08 0.0819 
D 0.83 1.20 0.07 0.0723 
E 1.00 1.00 0.06 0.0603 
F 1.25 0.80 0.04 0.0411 
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5.6 Wave tank test setup 
The tests were intended to study the dynamic responses of the models subjected to 
long-crested and short-crested waves.  The displacements and rotations of the models 
were recorded by the OptiTrack system.  The system recorded the motion in surge, 
sway, heave; roll, pitch and yaw thru reflective markers located on top of the models 
with varied additional heights to provide randomness.  The models were held in place 
by wires attached to linear spring with stiffness of 29.5 N/m each anchored at the 
vertical post of a large ring surrounding the models.  The tension of mooring lines 
were measured by load cells attached in between the model and wire mooring, with 
pretension set to around 10 N before the test performed.  The arrangement of the 
model setup, plan view and side view are shown in Figure 5.11 ~ 5.13.  The 
arrangement of the wave probes is shown in Figure 5.14.   
 


























Figure 5.14 Wave Probes arrangement 
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5.7 Wave tank tests series 
5.7.1 Model hydrostatic data test  
As compared to semi-submersible platform model, the hydrostatic data of the 
spars are easily achieved.   This is due to the shape of the spar models are symmetric 
in x and y-axis, whereby the data could be obtained from the numerical calculations.  
Numerical calculation to obtain the data would be difficult for semi-submersible 
platform model which is asymmetric in design.  Hence, the following series of test 
have been performed to obtain the hydrostatic data mainly for semi-submersible 
platform model.   
In order to estimate the CG position for X and Y axis, the model was balanced on a 
rod along the respective axis.  The distance from the edge of the model to the center 
of the rod was taken as the CG of the respective axis.  To measure the vertical CG of 
the model, inclination test was performed.  The test was conducted by hanging the 
model at a universal joint that is free to swing.  By lifting the bow of the model, the 
lifting load and the inclination angle were recorded.  The CG is obtained by substitute 




         (5.6) 
where θ = model’s inclination angle, F = lifting force, d1 = horizontal moment 
arm from lifting point to rotational point, W = model weight and dcg = distance from 
CG to rotational point.  
Meanwhile, similar setup was adopted to obtain the moment of inertia.  The 
models are allowed to swing freely in roll and pitch.  The natural period of the model 










2        (5.7) 
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where Ig = mass moment of inertia about x and y axis through the CG, TN = measured 
natural period of swing and W = model weight.  
In order to measure the MC of the structure, wet inclination test was performed.  
The model was freely floated and known weight was placed on the center of the bow 




        (5.8) 
where θ = trim angle in radians, d1 = horizontal moment arm for applied weight, W = 
model weight, GM = metacentric height and F = applied weight.   
5.7.2 Static Offset test 
The test was conducted to obtain the mooring system stiffness.  The model was 
connected to four mooring with load cells attached in between.  The mooring line 
tensions measured by the load cells were recorded for every 2 cm (model scale) 
incremental of displacement.  Stiffness was obtained from the slope of the 
relationship of restoring force and displacement.  
5.7.3 Free Decay test 
Free decay test was conducted to obtain the system natural period and damping.  
The restrained model was initially forced to move to the desired DOF and released to 
move freely.  The surge, heave and pitch motions of the model were then recorded 
and the natural periods were obtained from the plot.   
5.7.4 Seakeeping tests 
In order to investigate the dynamic motion responses of the models in the 
seakeeping condition, the long-crested regular and random waves as well as the short-
crested wave conditions as discussed were generated.  In the test series, the fore and 
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aft side of the model were restrained by soft spring and steel wires.  Then, series of 
wave data as discussed above were programmed and generated by the wave generator.  
In the test, motion responses of the models were recorded by the OptiTrack system.   
Then, the data were post processed to transform the time series by Fast Fourier 
Transformation (FFT) to response spectrum.  The results of the tests in term of RAO 
will be discussed in the next chapter.  Figures 5.15 and 5.16 show the spar and semi-





















SOFTWARE VALIDATION, HYDROSTAR 
6.1 Chapter overview 
Numerical analyses to investigate the dynamic responses of the floaters were 
developed as discussed in Chapter 4.  In order to study the effectiveness and to 
validate the numerical code, a series of model tests as discussed in Chapter 5 and a 
series of software analysis were performed.  Details of the commercial software that 
been considered for the validation are discussed in this chapter.   
6.2 Fundamental of the Hydrostar 
The computer software was developed by Bureau Veritas in year 1991, which 
provide solution for first order problem of wave diffraction and radiation [119].  Also, 
it provides a Quadratic Transfer Function (QTF) of second order low frequency wave 
loads for the floaters with or without forward speed in deep water and infinite water 
depth.  In the software, advance functionalities as follow also been incorporated 
 Fairly perfect fluid formulation 
 Green function and influence coefficients 
 Removal of irregular frequencies 
 Seakeeping-sloshing coupled analysis
 Formulations for second order load computations 
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 Low frequency loads in cross waves 
The software was also capable to provide solution by the 3D diffraction/radiation 
potential theory 3D panel software for wave-body interactions by considering multi-
body interaction, effects of forward speed and dynamic effects of liquid motions in 
tanks.  Figure 6.1 shows the scheme of the program with the available modules 


































Table 6.1  Details of the module in the Hydrostar program 
Module Description 
hslec Reading the mesh 
hsbln Balance the mesh 
hsrdf Radiation and diffraction computation 
hstnk Radiation computation inside a tank 
hsmcn Motion computation 
hsdft Second-order drift computation in long-crested  waves 
hsmdf Second-order drift computation in bi-directional waves 
hsamg Pre-processing for second order low frequency computation in uni & bi-
directional waves 
hsqtf Second order low frequency computation in uni & bi-directional waves 
hspg2 Second order high frequency computation in long-crested  waves 
hsprs Pressure computation 
hswld Computation of global wave loads 
hsrao Construction of the transfer functions 
hswav Wave visualization 
hsfem Transfer of hydrodynamic pressure loads to FEM 
hspec Spectral analysis of short and long term 
hsmsh Mesh generator for simple geometries 
hschk Verification of the mesh 
hvisu Visualization of the mesh 
hsinf Information about the mesh or information about mechanical computation 
hstat Hydrostatic properties verification and/or inertia matrices computation 
through a weigh distribution 
hsrsn Resonance periods/frequencies computation 
hsplt Plotting of the RAOs 
6.3 Mesh generation 
In order to perform the diffraction analysis for the prototypes, meshes as shown in 
Figures 6.2 ~ 6.4 were generated.   
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Figure 6.2 Meshes generated – Classic spar 
 
Figure 6.3 Meshes generated – Truss spar 
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Figure 6.4 Meshes generated – Six-columned semi-submersible  
6.4 Diffraction radiation computation 
In the program, the diffraction solution was given as the potential flow 
surrounding the vessel remains in position along the heading waves.  The radiation 
solution was derived as the potential flow surrounding the vessel moves in the 
otherwise quiescent fluid.  Meanwhile, the added mass was given as the acceleration 
load on the vessel and radiation damping as the ratio of the load and vessel’s velocity.   
In order to evaluate the wave exciting load, the dynamic pressure is integrated 
along the vessel, and the solution of the diffraction and radiation problem was solved 
by considering the following criteria [134]: 
 First and second order potential theory of free surface flow 
 Integral equations/ boundary element method 
 Efficient evaluation of associated Green functions 
 Elimination of irregular frequencies 
 Independency of the mechanic properties of the system.   
 96 
In the analysis, the wave frequencies, wave heading directions and water depth are 
required for the diffraction and radiation computation.  In this study, the wave 
frequencies ranged from 0.05 Hz to 0.2 Hz with 0.01 Hz interval are considered. 
6.5 Motion computation 
In order to study the motions of the floater prototypes, the equation of motions are 
derived based on the Newton’s Second Law.  The following items are required for the 
input: 
 CG – longitudinal, transversal and vertical position of the CG with respect to 
the original of the reference system 
 Radius of Gyration  
 Inertia matrix 
 Stiffness matrix 
 Damping matrix 
6.6 Second order computation 
The software allowed the computation of second order wave loads in both long-
crested waves and short-crested waves.  In this study, mean drift loads in bi-
directional waves were opted by selecting the multidirectionelle option. 
6.7 Output of the program 
As the program performed the computation for first and second order problems, the 
transfer function as follow are able to be constructed:.   
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 Motion, velocity and acceleration RAOs 
 Added mass and damping matrices 
 Wave diffraction loads 
 Wave kinematics at a point around the ship 
 Drift loads 
 Quadratic transfer function 
In this study, the transfer functions for the motion RAOs are preferable.  Hence, 
after running the diffraction and radiation computation the following option tabulated 
Table 6.2 in are selected.  Figure 6.5 shows the analysis flow chart for the commercial 
software program.  
Table 6.2  Output option selected 
GSURGE Surge RAO at reference point 
GHEAVE Heave RAO at reference point 
GPITCH Pitch RAO at reference point 
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7.1 Chapter overview 
In this chapter, the findings of the numerical, experimental and software analysis 
are comprehensively presented in prototype scale.  First, the applicability of 
diffraction theory for large platforms such as spars and semi-submersible is presented 
by comparing the responses by the Morison equation and diffraction theory and 
validated with the experimental measured responses.  In order to validate the 
numerical codes proposed for short-crested waves, the results are compared with 
responses measured from experimental studies and predicted from commercial 
software program are compared.  Numerically predicted responses due to the long-
crested and short-crested waves are illustrated and the same responses by 
experimental study are presented.  Finally, a parametric study focused on the effect of 
short-crestedness of the waves is presented by varying the structural parameter and 
wave data.     
7.2 Static offset test (Experimental results)  
i. Classic spar  
From the test carried out for classic spar, the system spring constant was found to 
be about 140 kN/m.  The relationship of the force-excursion for the mooring lines was 
approximated using multi-linear segments with different slopes as illustrated in Figure 
7.1.   
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Figure 7.1 The force-excursion relationship of classic spar system 
ii. Truss spar 
From the static offset test, linear spring constant for truss spar model was found to 
be 154 kN/m, the force-excursion relation is shown in Figure 7.2.   
 



























































iii. Semi-submersible  
Another set of static offset test was performed to measure the system spring constant 
of the semi-submersible model.  The relationship of the force-excursion is plotted in 
Figure 7.3, and the constant was found to be about 169 kN/m.   
 
Figure 7.3 The force-excursion relationship of semi-submersible system 
7.3 Free decay test (Experimental results)  
i. Classic spar 
In order to measure the natural period of the model, free decay tests were carried 
out and the findings are shown in Figure 7.4 ~ Figure 7.6, and the natural periods are 
summarized in Table 7.1.   
Table 7.1  Measured natural period for classic spar [118] 
Motion Natural Period, s Typical Natural Period, s 
Surge  188 120 ~ 180 
Heave  18 25 ~ 35 



























Figure 7.4  Free decay test for classic spar surge motion 
 







































Figure 7.6  Free decay test for classic spar pitch motion 
 
ii. Truss spar 
Figure 7.7 ~ Figure 7.9 present the result of the free decay tests for truss spar in 
surge, heave and pitch motion.  The natural period of the truss spar models measured 
from the charts are summarized in Table 7.2.   
Table 7.2  Measured natural period for truss spar [118] 
Motion Measured Natural Period, s Typical Natural Period, s 
Surge  121 120 ~ 180 
Heave  18 25 ~ 35 





















Figure 7.7  Free decay test for truss spar surge motion 
 



































Figure 7.9  Free decay test for truss spar pitch motion 
iii. Semi-submersible 
Figure 7.10 ~ Figure 7.12 illustrate the result of free decay test for semi-
submersible model in surge, heave and pitch motion respectively.  The natural period 
measured from the graph are summarized in Table 7.3.   
Table 7.3 Measured natural period for semi-submersible [116] 
Motion Measured Natural Period, s Typical Natural Period, s 
Surge  80 >60 
Heave  19 20 ~ 25 




















Figure 7.10  Free decay test for semi-submersible surge motion 
 









































Figure 7.12  Free decay test for semi-submersible pitch motion 
7.4 The effects of the wave force calculation methods on large offshore platforms 
subjected to long-crested waves 
7.4.1 Validation of the numerical codes for long-crested waves 
In order to validate the time domain program developed to investigate the 
dynamic responses of the spar platforms, the results obtained by Geng et al [120] was 
used.  A comparison was performed for 13.3 m wave height and 14 s wave period.  
Table 7.4 shows the maximum responses in the three directions obtained by both 
methods.  Time history of the displacements and rotation by regular waves are shown 
in Figure 7.13 ~ Figure 7.15.  
Table 7.4  Maximum responses by Geng et al and numerical code developed 
Motion Max. response by Geng et al Max response by numerical code 
Surge 4.747 m 4.417 m 
Heave 0.379 m 0.389 m 
























Figure 7.13 Time history of surge displacement in regular waves   
 
   
Figure 7.14 Time history of heave displacement in regular waves   
Geng’s result  
Numerical simulation result  
Geng’s result 
Numerical simulation result  
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Figure 7.15 Time history of pitch rotation in regular waves 
A comparison of the numerical simulation results for semi-submersible platform 
with the experimental results presented by Tankagi [121] was performed for 
validation purpose.  Figure 7.16 ~ Figure 7.18 show the results of the methods.  It was 
found that the results obtained from the numerical simulation are fairly agreed with 
the results published.  This observation is supported by the Root Mean Square 
Deviation (RMSD) value tabulated in Table 7.5.   










Figure 7.16 Validation of numerical code for semi-submersible platform – Surge 
responses 
 





















































Figure 7.18 Validation of numerical code for semi-submersible platform – Pitch 
responses 
7.4.2 Responses of classic spar subjected to long-crested waves – A comparison of 
wave force calculation methods and experimental results 
The basic concept of the numerical codes is same, whereby only the wave theory 
implemented is varied.  In order to study the effect of wave force calculation methods 
on large offshore platforms, the common wave theory implemented i.e. Morison 
equation and diffraction theory are considered.  In this section, the numerically 
predicted classic spar responses by Morison equation and diffraction theory are 
compared with the responses measured due to long-crested waves.   
Figure 7.19 ~ Figure 7.21 show the prototype RAOs for surge, heave and pitch by 
the numerical analysis due to the Morison equation and diffraction theory that are 
compared to the experimental responses.  It could be observed that in Figure 7.19, the 
trend of the responses by Morison equation agrees well with the one by diffraction 
theory.  However, greater magnitude of the responses due to the Morison equation 
was found compared to the diffraction theory.  Diffraction theory responses have 

























were found in responses by diffraction theory and Morison equation compared to the 
experimental measured in surge motion respectively.     
 
Figure 7.19 Surge RAO comparisons of Morison equation & diffraction theory with 
experimental study – Classic Spar 
 
Figure 7.20 Heave RAO comparisons of Morison equation & diffraction theory with 
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Figure 7.20 illustrates comparison of heave responses estimated by numerical 
codes and measured from experimental study. It is seen that heave responses due to 
Morison equation and diffraction theory agree with the responses measured by model 
test heave motion.  
 
Figure 7.21 Pitch RAO comparisons of Morison equation & diffraction theory with 
experimental study – Classic Spar 
 
In Figure 7.21, differences can be found in the trend of the pitch responses for all 
the three methods.  Average differences of 23% and 11% were found respectively in 
in the results of the Morison equation and diffraction theory compared to the model 
test results.  It can be seen that both the theories overestimate the responses for low 
frequency region and underestimate the responses for high frequency region.  This is 
due to the higher order damping terms are significant and are not considered in the 
numerical simulations.  Also, it can be observed that diffraction theory gives better 
agreement with the experimental results.  Table 7.6 shows the RMSD for the 
predicted and measured surge, heave and pitch motion for classic spar in long-crested 
waves by Morison equation and diffraction theory.  It could be seen that smaller error 
was found for diffraction theory or better agreement was found with the experimental 
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Table 7.6 RMSD for classic spar by Morison equation and diffraction theory 
compared to experimental results 
 RMSD for Morison equation RMSD for diffraction theory 
Surge 0.294 0.121 
Heave 0.266 0.259 
Pitch 0.180 0.094 
7.4.3 Responses of truss spar subjected to long-crested waves - A comparison of 
wave force calculation methods and experimental results 
The surge, heave and pitch motion responses for truss spar estimated by the 
numerical methods and experimentally measured are shown in Figure 7.22 ~ Figure 
7.24.  Similar to classic spar, the structural properties and wave properties in 
prototype scale were used as the input for the numerical solutions.  In Figure 7.22, it 
can be seen that the trend of the surge responses by diffraction theory and model test 
agreed fairly well.  Average differences about 13% and 12% were found respectively 
in the responses comparison of numerical solution by the Morison equation and 
diffraction theory to the model test.   
 
Figure 7.22 Surge RAO comparison of Morison equation & diffraction theory with 




















Morison long crested waves




Figure 7.23 Heave RAO comparisons of Morison equation & diffraction theory with 
experimental study – Truss Spar 
 
In Figure 7.23, it could be seen that the responses by Morison equation are 
overestimated for heave responses of truss spar as compared with the model test 
results.  Diffraction theory has better agreement to the measured results as compared 
to the Morison equation.  Average differences about 19% and 14% were found for 
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Figure 7.24 Pitch RAO comparisons of Morison equation & diffraction theory with 
experimental study – Truss spar 
Figure 7.24 shows the comparison of the numerically estimated pitch responses to 
the model test responses.  Morison equation again was found overestimated the 
responses for truss spar.  Responses by diffraction theory have better agreement with 
the experimental results in both trend and magnitude.  Average differences about 21% 
and 12% were found in the comparison of pitch responses by Morison equation and 
diffraction theory to the model test results.   
Again, it was observed that results by diffraction theory have better agreement 
with model test results.  This might due to the existence of the model would affects 
the nearby wave field that created the effect of diffraction that is neglected in the 
Morison equation.  Table 7.7 shows the RMSD for numerical simulations and 
experimental results of truss spar.  It could be seen that diffraction theory has smaller 
error as compared to the experimental results.  
Table 7.7 RMSD for truss spar by Morison equation and diffraction theory compared 
to experimental results 
 RMSD for Morison equation RMSD for diffraction theory 
Surge 0.412 0.156 
Heave 0.432 0.406 
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7.4.4 Responses of semi-submersible subjected to long-crested waves - A 
comparison of wave force calculation methods and experimental results 
Another set of analysis been performed for a six-columned semi-submersible 
platform to study the effect of wave force calculation methods by Morison equation 
and diffraction theory.  The responses estimated were compared with the experimental 
results, in order to evaluate the applicability of the wave theories.  Figure 7.25 ~ 
Figure 7.27 show the comparison of the responses by all the three methods.   
 
Figure 7.25 Surge RAO comparisons of Morison equation & diffraction theory with 
experimental study – Semi-submersible 
In Figure 7.25, it could be observed that Morison equation resulting greater 
response compared to diffraction theory and experimental study, where 22% average 
differences was found.  On the other hand, diffraction theory response agreed fairly 
well with the experimental measured responses with an average different of 15% 
along the wave frequencies considered was found.  In Figure 7.26 the trends of the 
simulated responses were found fairly agreed with the model test results.  Average 
differences about 21 % and 11 % were found for Morison equation and diffraction 
theory as compared to the model test results were found respectively.  A better 
agreement was found in Figure 7.27 for the numerical simulations and experimental 
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found for responses obtained by Morison equation and diffraction theory as compared 
to model test results.  An overall observation for semi-submersible platform where 
diffraction theory results are better agree with experimental results may be concluded.   
 
Figure 7.26 Heave RAO comparisons of Morison equation & diffraction theory with 
experimental study – Semi-submersible 
 
Figure 7.27 Pitch RAO comparisons of Morison equation & diffraction theory with 
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Table 7.8 RMSD for semi-submersible platform by Morison equation and diffraction 
theory compared with experimental results 
 RMSD for Morison equation RMSD for diffraction theory 
Surge 0.118 0.079 
Heave 0.025 0.014 
Pitch 0.122 0.072 
Table 7.8 tabulated the RMSD for predicted and measured dynamic responses of 
semi-submersible platform.  Again, diffraction theory results have shown better 
agreement with the experimental results.   
7.4.5 Summary 
From the results of section 7.4.1 to 7.4.4, it can be seen that the numerical 
simulation results using diffraction theory gives better agreement with the 
experimental results compared to the Morison equation.  This because of the existing 
of these large offshore platforms will affect the nearby wave field and diffraction 
effect was generated.  The diffraction effect was incorporated in the diffraction theory 
but neglected by the Morison equation.  This indicated that with the consideration of 
diffraction effect, diffraction theory is more appropriate to be considered for large 
offshore platforms such as spar and semi-submersible platforms.  Hence, in the next 
section, the analysis using diffraction theory is made use of, for investigating the 
short-crested wave effects on large floating offshore platforms.   
7.5 Validation of numerical results for large offshore platforms’ response 
subjected to short-crested waves 
Numerical MATLAB codes to investigate the responses of the large floating 
offshore platforms subjected to short-crested waves were developed in this study.  In 
order to validate the numerical codes developed the dynamic responses of the large 
floating offshore platforms by numerical analysis, experimental and commercial 
software program analysis were compared with.   
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7.5.1 Validation of the numerical results for classic spar subjected to short-
crested waves– A comparison of experiment, numerical and Hydrostar 
results 
In the following section, responses obtained from numerical code for classic spar 
were compared with model test results.  In Figure 7.28 ~ Figure 7.30, the comparisons 
for motion in surge, heave and pitch are plotted.   
 
Figure 7.28  Surge RAO validation – Classic spar 
Figure 7.28 illustrates the surge responses of the classic spar subjected to short-
crested waves by numerical simulation, experimental study and commercial software 
program.  From the comparison, fairly good agreement could be observed with 
average differences about 18% and 20% were found in the comparison of model test 
and the commercial software program analysis results with the numerical results 
respectively.  The comparison of the heave responses for classic spar subjected to 
short-crested waves are plotted in Figure 7.29.  In the wave frequency range 
considered, average differences about 18% and 24% were found in the comparison of 
the numerical results with the model test and commercial software program results 
respectively.  Figure 7.30 shows the pitch responses of the classic spar subjected to 
short-crested waves by numerical simulation, experimental study and commercial 






















agreed with the experimental results.  Average differences of about 23% and 24% 
were found for the numerical results compared to the model test and commercial 
software program results.  It was seen that at the low frequency region, the 
commercial software results are smaller compared to the experimental results.  This 
might due to damping at the low frequency region does not taken into account in the 
analysis that causing smaller responses occurred at the low frequency region.  Table 
7.9 shows the RMSD for dynamic responses of classic spar by numerical predicted, 
experimental measured and commercial software analyzed to support this observation.   
 





























Figure 7.30  Pitch RAO validation – Classic Spar 
 
Table 7.9 RMSD for classic spar results by experiment and commercial software 
compared with numerical results 
 RMSD for experiment RMSD for commercial software 
Surge 0.079 0.062 
Heave 0.054 0.028 
Pitch 0.019 0.024 
7.5.2 Validation of the numerical results for truss spar subjected to short-crested 
waves – A comparison of experiment, numerical and Hydrostar results 
Another set of analyses was performed for truss spar, in order to validate the 
numerical codes developed.  In Figures 7.31 ~ 7.33, the dynamic responses of the 
truss spar subjected to short-crested waves by numerical codes, model tests and the 


























Figure 7.31  Surge RAO validation – Truss Spar 
It could be observed in Figure 7.31 that the results of experimental study and 
commercial software analysis rise at the low frequencies range and reach at peak 
before drop to almost nil at high frequency region.  Average differences about 18% 
and 16% were found in the comparison of numerical results with the model test and 
commercial software analysis respectively.  Smaller results due to numerical analysis 
were found at the low frequency region.  In the numerical analysis, second order 
forces are not taken into account.  The neglect of these forces may be the cause of 


























Figure 7.32  Heave RAO validation – Truss Spar 
A fairly agreement was found in Figure 7.32 for the comparison of the heave 
responses for truss spar subjected to short-crested waves.  In the comparison, it was 
found that average differences about 21% and 16% were found.  In the figure, it could 
be observed that the trend generally yield the same, the main reason causing the 
different is mainly due to the time phase different.   
 













































Figure 7.33 plots the pitch responses of the truss spar subjected to short-crested 
waves.  Numerical results were found fairly agree with the commercial software 
results.  Average differences about 20% and 14% were found in the comparison of the 
numerical codes with the results of model test and commercial software analysis.  
Table 7.10 shows the RMSD for dynamic responses of truss spar by predicted and 
measured results to support these statements.   
 
Table 7.10 RMSD for truss spar results by experiment and commercial software 
compared with numerical results 
 RMSD for experimental RMSD for commercial software 
Surge 0.162 0.136 
Heave 0.076 0.049 
Pitch 0.005 0.008 
7.5.3 Validation of the numerical results for semi-submersible subjected to short-
crested waves – A comparison of experiment, numerical and Hydrostar 
results 
In conjunction to the numerical codes developed for classic spar and truss spar, 
another code was developed for another large floating offshore platform, the semi-
submersible platform.  In the numerical code, short-crested waves were highlighted in 
order to consider the effects of existence for large diameter platform and short-
crestedness of the real sea condition.  Here, the results obtained from the numerical 
code were validated with the results by experimental and commercial software 
analysis.  The validations and comparisons are shown in the following section. 
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Figure 7.34 Surge RAO validation – Semi-submersible 
Better agreement was found in Figure 7.34 where the comparison of surge 
responses by numerical codes compared to the experimental and commercial software 
analysis responses for semi-submersible platform is illustrated.  The response by 
numerical simulation agreed well with the results by experimental and software 
analysis with average differences about 24% and 7%.   
 















































Again, fairly well agreement was found in Figure 7.35, where the heave responses 
of the semi-submersible platform subjected to short-crested waves by all the three 
methods are plotted.  In general, average differences about 18% were found in the 
comparison of the numerical code results with the experimental and commercial 
software analysis results.   
 
Figure 7.36 Pitch RAO validation – Semi-submersible 
The pitch responses of the semi-submersible platform subjected to short-crested 
waves are illustrated in Figure 7.36.  In general, the trends of the responses fairly 
agree in the high frequency region.  Low frequency damping force is neglected in this 
study.  Hence, this might be reason being that cause greater responses yield at the low 
frequency region.  In the comparison average differences about 28% and 25% were 
found in the comparison of the numerically obtained responses with the experimental 
and commercial software responses respectively.  This observation was supported by 
the RMSD for predicted and measured results of semi-submersible as shown in Table 


























Table 7.11 RMSD for dynamic response of semi-submersible by experiment and 
commercial software compared with numerical results 
 RMSD for experimental RMSD for commercial software 
Surge 0.149 0.232 
Heave 0.043 0.131 
Pitch 0.984 0.743 
7.5.4 Summary 
In general, the responses obtained from the numerical simulations proposed 
agreed reasonably well with the results by experimental and commercial software 
analyses, except for some cases.  The reasons that caused the differences are due to:  
 The truss section and bracing of the spars and semisubmersible platform that 
might contribute to the responses is not considered in the numerical 
simulations. 
 Nonlinearities and second order forces such as axial divergence, free surface 
fluctuation, convective acceleration, temporal acceleration, mean drag force 
etc. are not considered in the simulations.   
 Low frequency damping is also not considered in the numerical simulations.  
7.6 The effects of the wave directionality on large offshore platforms’ responses   
The following section presents the results of the analysis, in order to study the 
effects of the wave directionality to the large offshore platforms by diffraction theory.  
Figure 7.37 ~ Figure 7.39 present the results obtained from analysis for classic spar 
subjected to long-crested and short-crested waves.  Figure 7.40 ~ Figure 7.42 and 
Figure 7.43 ~ Figure 7.45 illustrated the comparison of the analysis for truss spar and 
semi-submersible platforms.  Details of the results are discussed below. 
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7.6.1 Responses of classic spar subjected to diffraction of long-crested and short-
crested waves 
In Figure 7.37, the responses of classic spar due to long-crested and short-crested 
waves are presented.  It can be noticed that the trend of the responses agreed quite 
well.  From the comparison, it could be summarized that the responses due to short-
crested waves yield smaller responses, an average of 28% smaller compared to long-
crested waves.  Similar finding could be drawn for the heave and pitch responses that 
shown in Figure 7.38 and Figure 7.39.  The trend of both responses agreed fairly well, 
and variances about 33% and 39% were observed for the responses respectively.   
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7.6.2 Responses of truss spar subjected to diffraction of long-crested and short-
crested waves 
The responses in surge, heave and pitch motion of the truss spar estimated by the 
numerical simulations for long-crested and short-crested waves are shown in Figure 
7.40 ~ Figure 7.42.  It could be observed from the figures that the trends of the 
responses agreed fairly well.  Smaller responses by short-crested waves are observed 
in the comparison with the results by long-crested waves.  The short-crested waves 
were found averagely 26%, 26% and 23% smaller than the responses due to long-
crested waves in surge, heave and pitch motions respectively.   
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7.6.3 Responses of semi-submersible platform subjected to diffraction of long-
crested and short-crested waves 
Similar numerical simulation was performed for the six-columned semi-
submersible platform to study the responses due to long-crested waves and short-
crested waves.  Figure 7.43 ~ Figure 7.45 illustrate the results of the numerical 
analysis.   
The comparison of the responses due to long-crested and short-crested waves is 
shown in Figure 7.43.  In general, the trend of the responses agreed fairly well.  From 
the figure it could be seen that there is a phase difference occurred that resulting 
differences in the low frequency region.  An average of 19% smaller response was 
found for diffraction short-crested waves compared to the long-crested wave 
responses.   
 
Figure 7.43  Surge RAO comparison for long-crested and short-crested waves – Semi-
submersible  
The comparison of heave responses for the semi-submersible platform is 
illustrated in Figure 7.44.  An average of 29% smaller responses was found for 
diffraction short-crested waves as compared to the long-crested waves.  Similarly, in 
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shown in Figure 7.45, good agreement was found in the trend.  An average difference 
of 27% was found in the magnitudes, where short-crested waves gave smaller 
responses compared to the long-crested waves. 
 
Figure 7.44  Heave RAO comparison for long-crested and short-crested waves – 
Semi-submersible 
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7.6.4 Summary  
From the above section, it was seen that results by short-crested waves are smaller 
than that by long-crested waves.  This results support the hypothesis discussed in 
Chapter 1, where the assumption of large offshore platform stretch subjected to long-
crested waves would be overestimated.  This is because it was assumed that effects 
will be on all the stretches of the platform in the same time period.  However, in real 
sea-states, short-crested waves will be hitting the stretch length in different angle and 
the net effect will be quite likely to be less.  Furthermore, the short-crested waves will 
also experiencing destructive interference, which cancel each other out completely 
and resulting smaller responses.  Hence, the responses of the platform that hit by 
short-crested waves on the stretch length in different angle are expected to be less.   
7.7 Parametric study – The influence of structural parameters and 
environmental condition to the responses of large offshore platforms 
A parametric study was performed to study the effect of significant parameters in 
estimating the dynamic responses of the spars and semi-submersible subjected to 
short-crested waves.  From the analysis, the effects of structural parameter such as 
hull diameter and the effects of the water depths were studied and the results are 
presented in the following section.    
7.7.1 Effects of structural parameter for classic spar subjected to short-crested 
waves 
In order to investigate the effects of the structural parameters, hull diameter and 




Figure 7.46 Surge RAO comparison of classic spar due to change of hull diameter 
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Figure 7.48 Pitch RAO comparison of classic spar due to change of hull diameter 
Figures 7.46 ~ 7.48 plot the surge, heave and pitch responses of classic spar due to 
different of hull diameters.  A benchmark diameter of 30 m was compared with 
another two common hull diameters 20 m and 40 m that are selected for parametric 
study.  From the comparison it could be observed that the responses are affected by 
the size of hull diameter, the responses being greater for larger diameter.  Average 
differences about 32%, 30% and 54% were found for 45 m diameter hull in the surge, 
heave and pitch responses respectively, compared with the benchmark diameter of 30 
m.  About 33%, 31% and 57% smaller responses were found for 20 m diameter in 
surge, heave and pitch responses respectively as compared with the benchmark 
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Figure 7.49 Surge RAO comparison classic spar due to change of draft length 
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Figure 7.51 Pitch RAO comparison classic spar due to change of draft length 
Figures 7.49 ~ 7.51 illustrate the surge, heave and pitch responses due to 
increment of hull draft length.  A benchmark draft of 70 m was assigned to study the 
effects owing to changing in draft length.  It was found that surge responses have only 
small effects causing by the draft length.  Draft length was found affecting the heave 
and pitch motions.  From the figure, it could be observed that the heave responses 
being smaller for deeper draft.  However, vice versa was found for pitch responses 
where deeper the draft is found yielding greater responses for classic spar.   
7.7.2 Effects of structural parameter – Truss spar 
Figures 7.52 ~ 7.54 illustrate the effects on truss spar for surge, heave and pitch 
responses due to different of hull diameters.  According to the statistical study on the 
size of the hull diameter for truss spar, it was found that 20 m, 30 m and 35 m are the 
most common sizes for hull diameter.  Hence, a benchmark diameter of 30 m, D1= 20 
m and D2=35 m were considered.  It could be seen that surge motion that shown in 
Figure 7.52 is slightly affected by the change of hull diameter.  Figure 7.53 and 7.54 
show that heave and pitch responses are directly affected by the hull size, where the 
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Figure 7.52 Surge RAO comparison of truss spar due to change of hull diameter 
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Figure 7.54 Pitch RAO comparison truss spar due to change of hull diameter 
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Figure 7.56 Heave RAO comparison of truss spar due to change of draft length 
Figures 7.55 ~ 7.57 present the surge, heave and pitch responses of the truss spar 
due to the effects of draft length increment.  Figure 7.55 shows that the greater surge 
response was yield for deeper draft length.  Similar finding can be drawn for heave 
responses that shown in Figure 7.56.  Figure 7.57 illustrate the pitch responses due to 
increase of draft length.  It could be observed that the deeper draft yield smaller pitch 
responses, where responses due to 170 m draft are smaller as compared to 110 m and 
70 m draft length.   From the figure, it could be concluded that average about 0.35% 
and 0.35% increment and 0.67% reduction per meter draft was found for surge, heave 
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Figure 7.57 Pitch RAO comparison truss spar due to change of draft length 
7.7.3 Effects of structural parameter – Semi-submersible  
In order to study the effects due to change of column diameter and draft length on 
the responses of semi-submersible platform subjected to short-crested waves were 
considered.  In the study, benchmark column diameter = 25.4 m, D1=13 m, and D2 = 9 
m were considered.  Figures 7.58 ~ 7.60 present the responses due to the effects of 
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Figure 7.58 Surge RAO comparisons of semi-submersible due to change of columns 
diameter 
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Figure 7.60 Pitch RAO comparisons of semi-submersible due to change of columns 
diameter 
Figure 7.58 ~ 7.60 illustrate the surge, heave and pitch responses of 
semisubmersible due to change of column diameter.  From the figures, it could be 
seen that an average of 2% increment per meter diameter larger was found for all the 
three DOF.  The responses due to change of draft length for semi-submersible 
platform are illustrated in Figures 7.61 ~ 7.63.  Figures show that the responses 
reduced as the draft length increased.  Average about 3%, 4 % and 4% reduction were 
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Figure 7.61 Surge RAO comparisons of semi-submersible due to change of draft 
length 
 






















h benchmark = 26 m
h1 = 35 m























h benchmark = 26 m
h1 = 35 m
h2 = 22 m
 147 
 
Figure 7.63 Pitch RAO comparisons of semi-submersible due to change of draft 
length 
7.7.4 Effects of water depth – Classic spar, truss spar, semi-submersible 
platforms 
Instead of the effects due to change of structural properties, the effects due to 
increase of water depth as well been studied for all the three models.  In this section, 
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Figure 7.64 Surge RAO comparisons due to water depth – Classic spar 
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Figure 7.66 Pitch RAO comparisons due to water depth – Classic spar 
Figure 7.64 ~ 7.66 illustrate the surge, heave and pitch responses of classic spar 
due to change of water depth.  It could be observed that the change of water depth 
affect only on surge and pitch motion, where heave responses does not affected by it.  
It could be understood that the heave force acting on the bottom-most surface of the 
platforms.  Hence, the heave force has only small effect due to the increment of water 
depth.  The effect of responses for surge and pitch were found direct proportion to the 
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Figure 7.67 Surge RAO comparisons due to water depth – Truss spar 
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Figure 7.69 Pitch RAO comparisons due to water depth – Truss spar 
Figure 7.67 ~ 7.69 illustrate the responses of the truss spar due to the change of 
water depth.  Water depth was found having insignificant effects on the heave motion.  
Minor effect was found for surge and pitch responses, where the deeper the water 
depth, the greater the responses will be.  
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Figure 7.71 Heave RAO comparisons due to water depth – Semi-submersible 
 
Figure 7.72 Pitch RAO comparisons due to water depth – Semi-submersible 
Figure 7.70 ~ 7.72 show the surge, heave and pitch responses of the semi-
submersible platform due to change of water depth respectively.  Similar observation 
can be drawn for semi-submersible platform due to change of water depth, where 
surge and pitch are affected by the change of water depth.  Average about 14% and 
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increases.  The heave response is not significantly affected by the change of water 
depth, whereby almost similar the trends and magnitudes were shown in the figure.   
7.8 Chapter summary 
In this chapter, comparisons between the numerically estimated and 
experimentally measured RAO were presented in order to study the applicability of 
the wave force calculation methods and the effects of wave directionalities on large 
offshore platforms namely classic spar, truss spar and six-column semi-submersible 
platforms.  From the comparison, it was found that the diffraction theory response is 
giving better agreement with the one by experimental study.  This is because 
diffraction effect due to the existing of the large offshore platforms affects the nearby 
wave field and such effect is necessary to be considered when obtaining the wave 
forces.  Furthermore, the diffraction effect is only considered in the diffraction theory 
and neglected by Morison equation.  Hence, with the consideration of the diffraction 
effects, diffraction theory is more appropriate to be adopted to obtain the wave force 
for large offshore structures.  The numerical codes by diffraction theory were 
incorporated with the effects of short-crestedness of waves to investigate the dynamic 
responses of the three types of platforms respectively and validated by the 
experimental and software responses.  In the comparison of the responses due to long-
crested and short-crested waves, it was found that short-crested waves resulting about 
20% smaller responses compared to long-crested waves.  This is due to long-crested 
waves are assumed hitting on all the stretches of the platform at the same time period; 
however this is rarely happened in real sea condition.  On the other hand, the short-
crested waves that hit from different angle were found resulting smaller net effect 
compared to the long-crested waves.  Hence, this study proven that cost effective 
design could be arrived at by considering the short-crestedness of the waves in the 








8.1 Chapter overview 
In this thesis, the dynamic responses of the large offshore platforms i.e. the classic 
spar, truss spar and six-columned semi-submersible platforms subjected to short-
crested waves were investigated.  The research methodology incorporated numerical 
simulations, model tests and commercial software analyses.   
The numerical codes were developed in time domain by MATLAB program.  In 
order to present the effectiveness of the wave force calculation methods, wave forces 
were calculated by both Morison equation and diffraction theory.  The effectiveness 
of the wave directionality was studied by comparing the dynamic responses of the 
three platforms subjected to both long-crested and short-crested waves.  
A series of experimental studies was carried out for all the three platform models 
subjected to waves in the wave basin.  The platform models were fabricated by steel 
plates with a scale of 1:100 using Froude’s scaling law of similitude.  A series of tests 
using long-crested waves and short-crested waves were conducted on the models.  
The dynamic responses of the models subjected to short-crested waves have been 
highlighted in this study.   
The numerical simulated responses were validated by the experimental measured 
responses.  In order to improve the quality of the findings, the results obtained from 
the numerical codes were substantiated and validated by results of a computer 
software analysis accepted and widely used in the oil and gas industry.  The degree of 
accuracy for the numerical codes results was discussed comparing with model test and 
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software results in term of Response Amplitude Operator.  The effects of different 
structural parameters on the response of the large floating offshore platforms were 
investigated by the parametric studies and conclusions arrived at.   
8.2 The effects of the wave force calculation methods on large offshore platforms 
subjected to long-crested waves 
In order to investigate the effect of the wave force calculation methods, i.e. the 
Morison equation and diffraction theory comparisons were conducted for numerical 
results with the model tests in long-crested waves.  As compared to the results 
obtained from numerical simulation incorporating with Morison equation, it was 
shown that responses due to diffraction theory agreed better with the experimental 
results.  Hence, it could be concluded that diffraction theory was more appropriate to 
obtain the wave force for large offshore platforms such as spars and semi-
submersibles.   
8.3 Validation of the numerical results of large offshore platforms subjected to 
short-crested waves– A comparison of experimental, numerical and 
Hydrostar results 
To validate the accuracy and applicability of the numerical codes developed, a 
series of model tests and software analyses were performed.  From the comparisons as 
discussed in Chapter 7, it can be concluded that the numerical simulation method 
developed for the short-crested waves in this study has produced response results 
agreeing closely with the trend of experimental and software results.  Also, the 
magnitudes of the results have been found to be within a percentage difference of 
maximum 20% compared with experimental and software results.  Hence, this 
numerical method can be very well adopted for the comparisons with long-crested 
waves and for parametric study.   
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8.4 The effects of the wave directionality – Long-crested waves vs. short-crested 
waves 
All the three types of platforms were subjected to both long-crested and short-
crested waves.  The results have shown conclusively that the short-crested waves 
resulted in much smaller responses in all the three DOF as given below:  
1. The classic spar subjected to short-crested waves gave 28% smaller surge 
responses, 33% smaller heave responses and 39% smaller pitch responses 
compared to the long-crested waves.   
2. The responses of the truss spar subjected to short-crested waves as well 
yield smaller compared to the long-crested waves, where 26% smaller 
surge and heave responses and 23% smaller pitch responses were found.   
3. 19% smaller surge responses, 29% smaller heave responses and 27% 
smaller pitch responses were found for semisubmersible subjected to 
short-crested waves as compared to long-crested waves.   
8.5 Parametric study - The influence of structural parameters and 
environmental condition to the responses of large offshore platforms 
The effects of parameter like column diameter, hull draft and water depth on all 
the three models were analyzed.  The following conclusions were drawn.  
8.5.1 Effects of structural parameter – hull diameter 
1. The classic spar responses were affected by the hull diameter, greater 
responses resulting for larger diameter hulls.  Same results were obtained 
for the three DOF considered.  Average values of 2.5%, 3.5% and 1% 
difference were found for surge, heave and pitch responses per meter 
diameter increment.  
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2. The same responses were found for truss spar due to change of hull 
diameter, where the greater responses were found for larger hull diameter.  
Average values of 3.9%, 3% and 5% difference were found for each meter 
diameter increment of all the three DOF respectively.   
3. Semi-submersible platform responses were found increased for larger hull 
diameter.  Average value of 2% difference per meter diameter increment 
was found for surge, heave and pitch responses respectively.   
8.5.2 Effects of structural parameter – draft 
1. Different responses were found for all the three DOF for classic spar.  The 
change of draft length was found affected the low frequencies region for 
surge responses, where responses yielded greater for deeper draft length.  
Similar conclusion can be drawn for pitch responses.  However, vice versa 
was found for heave response, where smaller response was found for 
deeper draft length.  0.2%, 1.4% and 0.9% difference were found for 
surge, heave and pitch responses per meter draft length increased.   
2. Greater truss spar surge response was found for deeper draft length.  The 
heave response was found phase shifted forward for deeper draft length.  
Pitch response being smaller for as deeper draft length.  Small differences 
about 0.35 %, 0.35 % and 0.67 % were found for surge, heave and pitch 
responses of truss spar per meter of draft length increased.     
3. The smaller responses of semi-submersible platform yield for deeper draft 
length.  Average values about 3 %, 4 % and 4 % reduction were found for 
surge, heave and pitch responses per meter draft length increased.   
8.5.3 Effects of water depth  
The effects of water depth are significant for surge and pitch motion.  It could be 
observed that the surge and pitch responses being greater for deeper water depth.  
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Heave responses were found insignificantly affected by the change of water depth.  
Similar conclusions can be drawn for semi-submersible platform.   
1. Average values of 1.5% and 1.8% increment per meter water depth were 
found for surge and pitch responses of classic spar.  
2. Small increment of 0.5% per meter water depth was found for surge and 
pitch responses of truss spar.   
3. The semisubmersible responses subjected to short-crested waves resulting 
0.5% and 1% for surge and pitch responses due to each meter water depth 
increment.   
8.6 Overall conclusion 
The aim of this study is to determine the qualitative and quantitative effects of 
considering the short-crestedness of waves, on the dynamic responses of large floating 
offshore platforms.  In order to achieve this aim, the objectives have been arrived at 
and the following conclusions were drawn:  
1. Three numerical MATLAB codes were developed to investigate the 
responses in time domain for the three types of offshore platforms 
considering the wave force calculation methods.  The applicability of the 
diffraction theory were also been proven for large offshore structures.  
Another set of numerical MATLAB codes by diffraction theory 
incorporated with the short-crestedness of the waves were also been 
developed.   
2. The above-mentioned numerical MATLAB codes developed were 
validated the effectiveness, accuracy and suitability by comparing with the 
experimental model results with the differences less than 20% were 
obtained.   
 160 
3. The variations in the dynamic responses of the three types of platforms 
subjected to short-crested waves were compared with long-crested waves.  
At an average, it can be concluded that by taking the effect of short-
crestedness of waves in to the design consideration, the actual responses of 
the platform will be about 20% less compared to long-crested wave that 
are used for design now.  Incorporating this into the design will results in 
great economy for the platform, which is the main outcome of this study.   
4. The parametric study was performed to investigate the importance of the 
design parameter considered.  From the study, it was found that every 
1meter hull diameter change, 2.5%, 4% and 2% average change of 
responses for classic spar, truss spar and semi-submersible platforms 
respectively.  On the other hand, 0.8%, 0.5% and 3.7% average changes 
were found for classic spar, truss spar and semi-submersible platforms 
respectively with every meter draft changes.  For every meter water depth 
increment, 1.65%, 0.5% and 0.75% changes were found for classic spar, 
truss spar and semi-submersible platforms respectively.   
8.7 Future studies 
The research may be expended to include the following areas: 
1. Sea-keeping performance of the other types of the large floating offshore 
platforms e.g. tension leg platform that involving six DOF. 
2. Sea-keeping performance of large floating offshore platforms focused on bi-
directional short-crested wave spreading effects.  
3. Experimental studies focused on the spreading functions of the short-crested  
waves 
4. Modification of the numerical simulations to incorporate the nonlinearities 
such as for wave force, mooring lines, risers, applied load etc.  
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5. Modification of the numerical simulations to consider the effects of current 
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